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PREFACE. 



Having been requested by the publisher of the 
well-known series of rudimentary treatises to adopt 
a similar plan on tiie subject of " The Combnstion of 
Coal, Chemically and Practically Considered," and 
entirely approving of the 6ame> the followilig paper 
will snpply the necessary information on what involves 
not only the great manufacturing interests of the 
kingdom, but that of steam navigation and locomotion 
on our railways : in a word, all that has reference to 
the use of our native coal, and obtaining from it the 
largest measure of available heat. 

The great practical value of the plan.of rudimentary 
treaHses is now so generally recognised as to require 
no comment, and in no instance is it more likely to be 
available than in embodyiug all that has hitherto been 
said on the coustructioa of furnaces and boilers of all 
descriptions. Through the instrumentality of rudi- 
mentary treatises, much useful information is brought 
directly within reach of the great industrial population 
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of the kingclom, and on terms which were incompatible 
with the more costly pubHcationB hitherto adopted. 

These considerations have induced me wiUiDgly to 
* accede to the publisher's -views, instead of prepaxiug 
a new, ot Fourtli Edition, of works now out of print, 
and to give the whole in the form of a "rudimentary 
treatise." 

C. "WYE WILLIAMS. 

LinsFOoi^ 1838. 



PBIEFACE TO THE FIBST EDITION. 

Bejjtq much interested in the improTement of steam 
veseels, from my comiection Triih several steam navi- 
gation companies, and haTing had a longer and more 
extended experience in the details of their building 
and equipping than, perhaps, any iudlTidnal directed 
of a steEim company in the kingdom, my attention has 
been uninterruptedly given to the subject since the 
year 1823, when I first established a steam company, 
and undertook to have the first steam-vessel constructed 
capable of maintaining a commercial intercourse across 
the Irish Channel, during the winter months, and 
■which, till then, bad been considered impracticable. 

The result of this long experience is the finding, 
that, notwithstanding the improved state to which the 
constniction and appointments of the hnll and general 
maohinery of steam-vessels have azrived, great uncer- 
tainty and risk of failure still prevful in the use of Jml 
and the generation of steam. 

It is true, the engineer, who undertakes the oon- 
a 3 
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struction of the engines, also undertakes that the 
boilers shall provide a suQicieucy of Bteam to work 
them ; bnt what that sufficiency means, has not been 
decided; and, in too many instances, the absence of 
some fixed data on the subject leaving the evils of a 
deficiency of steam or a great expenditure of fiiel 
unabated. 

So long as the operations of steam-vessels were 
confined to coasting or short voyages, the consequences 
of these defects in boilers, as regards the qaantil^ of 
fuel, were a mere question of pounds, shillings, and 
pence. When, however, those operationB came to be 
extended to long sea voyages, tiiese consequences took 
a more comprehensive range, and involved the moi'e 
important question, whether such voyages were prac- 
iicahU or profitable. 

From being so deeply interested in the improvement 
of this department of steam navigafaon, I have watched, 
with no small anxiety, the efforts of the engineers to 

arrive at some degree of certainty in what was admitted, 
on all hands, to be the most serious drawback to the 
successful application of steam-vessels to long sea 
voyages. I perceived the absence of any .well-founded 
principle in the construction of the boiler — that the 
part on which most depended appeared least under- 
stood, and least attended td, namely, the furnace ; and 
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that this was too often left to the skill (or want of it) of 
working boiler-makers. I saw that, although the great 
operations of comhnstion carried on in the furnace, 
with all thai belongs to the iutrodaotion and employ- 
ment of atmospheric air, were among the most dif&cult 
proceaees within the range of chemistry, the absence of 
sound scientific principles still continued to prevail; 
jet on these must depend the extent or perfection of 
the combustion in our furnaces. 

Years were still passing away, and while every other 
department was fast approaching to perfection, all that 
belonged to the combustion of fuel — the production of 
smoke — and the wear and tear of the furnace part of 
the boiler, remained in the same status quo of uncer- 
tainty and insufficiency; and even that boilers and 
their furnaces, constructed within the last few years, 
exhibit still greater violations of chemical truths, and 
a greater departure from the principles on which nature 
proceeds. 

In the proper place I will show, that, of late years, 
as mach uncertainty as to the success of a new boiler 
has prevailed as when I first began operations, thirty 
years ago ; and that few boilers, for land or marine 
engines, exhibit more in the way of effecting perfect 
combustion or economy of fuel than those of any former 
period since the days of Watt. 
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I do not affect to give any new view of the nature of 
combuetion. What I take credit for is, the practical 
application, on the large scale of the fuamaee, of those 
chemical truths which are so well known in every 
laboratory. I also take credit for bringing together 
iiie scattered facts and illustrations of such authorities 
as bear on the subject before us, and so applying them 
as to enable practiciil men to understand that part 
wbicb cbemistry has to act in the construction, arrange- 
ments, and working of our boilers and furnaces. 



C. W. "WILLIAMS. 
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OS THB 

COMBTTSTION OF COAL 



PREVENTION OF SMOKE. 



PART FIRST. 

CHAPTER I. 

OF THE C05STITUESTS OF COAL, AND THE OENEEATIOTf 
or COAL OAB. 

In the follofring treatise I do not undertake to sliow how 
the smoke from coals can be hurned; but I do undertake to 
sbow how eoah may he bum^ mthouf smo&o; and ibis 
dietinotiou inrolTeB the maiii gaestioiL of economj of fuel. 

When amoire is onceprodaced in a fomace or floe, it is as 
impoBsible to bum it or concert it to beatmg purposes, as it 
would be to convert the smoke issuing from the fiame of a 
candle to the purposes of heat or light. 

When we see smoke issuing from the flame of an ill- 
adjusted common lamp, we also £ad the ilame itself dull and 
murky, and the heat and light diminished in quantity. Do 
■we then attempt to hum that smoke ? No ; it would be 
impossible. Again, when we see a well-adjusted Argand 
lamp bum without producing anij smolce, we also see the 
Same white and clear, and the quantity of heat and light 
increased. In this cue, do we say the lamp Sums its smoke? 
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"No; we say the lamp burns without moke. Hub is the ikct, 
and it remains to be sbo^ -why the aome langoage may not 
be applied to the combustiou of the same coal and the eame 

gas, in the furnaee, aa in the lamp. 

In a treatise purporting to describe the meana of obtaining 
the largest quantity of heat from coal, the first step ia an 
inquiry into the varieties of that combustible and its i-espec- 
tive constituents. 

The classification of the various kinds of coal, the details 
of an ehiborafco analysis, made by Mr. Thomas Eichardsou, 
with the aid of Professor Liebig, are aa follows: — 



BpecleilofCoal. 


Locality. 








Ashes. 


Splint 


Wylain 


74'823 


c-iso 


.'i-OSS 


13-912 


Caking 


Glasgow 

Lauffiisliire... 
Eiliulinrgh... 
NeweasUe ... 

Newcastle ... 


83'753 
67-507 
Si-US 
81-201 

87- 952 

88- 274 


5-41)1 
5 -660 
5-405 

5- 048 

6- 462 
6-239 
5-171 


10- 457 
3-039 

12-432 

8- 430 

11- 923 - 
5-416 

9- 086 


1- 128 

2- 548 
14-666 

If 



The most important feature in reference to this analysis 
is the large proportion of hydrogen which all hitmuiuooB 
coal contains, and which may be estimated at per cent. — 
hydrogen being the main element in the evolved gas, amd by- 
the combustion of -which Same is produced. 

The theory of combostion is now #eU nndmtood by 
scientific men ; but, as a praeticdl art, it still lemaiuB at - a 
very low ebb. 

We know, scientifically, that carburetted hydrogen and 
the other compoimda of carbon require given quautitiea of 
frimospheric air to effect their combuatiou ; yet we adopt no- 
means, praeticaUj/, of aacertatning what gwaiiifiet are SHp- 
plied, uid tieat them -aa tbtrag^ no such proportions were- 
necessary. We know, nhat^e^Uyf the restive piopairtionB- 
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in-vliioh the (xmslatiieiite of atmospl^AairaKeambiiied ; 
jeb, praetieally, Tre appear-whoUj indifl^noi to. the diatiibct 
nature of these constituents, or their efieQt8Xt 'coiid)iiBHm< 
"We know, seienHJiettllg, that the inflammable g^uesvare 
comhuBtible only in ^portion to the.(j«^0.^ffii!q^ur!;.>and 
union which is effected between thmn and the oxygen ef the 
air; yet, practicallt/,vre neYeir trouble our heads as to whether 
we have eiFectcd such mixture or not. These and many 
similar illustrations exhibit .1 reprehenaibie degree of care- 
lessness which can only be corrected by a sounder and more 
scientific knowledge of the subject ; and this can only be 
attained tlirovgh the aid ofchsmistry. 

The main constituents of all coal, as we see in the prer 
ceding table, are carbon mA. hyingmt 

In the natural state of coal, the hydrogea and carbon are 
-onited and solid. Their respective characters- and modes vS. 
entering into i»nAaBbion'arfl, however, essentially' difEerrait ; 
and to- our negioct ef this, ptimary distinction is -refwable 
mnciL of the dsfficnlty and complwatum which attend ihe- nae 
.ofooalen the lai^ Mialejof our furnaces. 

ThBfiTftl w ding'^'i 'll i i'B qfci^ thnf;i;ln^ Vtl^HTM^nff r^riion 
la cfflcrartdbld- to .'the pnrpoaes of heat in i^as gmeouB Hate 
diowfi while' the* oarbonBueona portion, on the contrary, is 
combustible mly >n tTw salad Hate ; and, what is essential to , 
be home in mind, neiilier can lie consumed while thet/ remain 
tmited. 

The use of the term "fuel," as applied to the combustion 
of coal during its several processes in the furnace, without 
reference to ;inj particular tionstifcuent, whether gaseous or 
solid, is Buftciently indicative of the inattention to the 
chemical conditions of combustion.* 

* Mauj instftnces of inattentiDn miglit liore be giTen. TIio folloning 
willsnffice. In a popnl&r treatiue 011 tlic steam-engine, by Dr.. LardJiSB, 
speaking of Brmitoit's reTolving grate, lie observes, "The coals are let 
down from the hopper on the grate, and as tbej descend in very smidl 
qnantitiea at a tun^ th^ are abaoit immediatdififpiiud.'' Here Ska eeal 
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The general impression is, that ooalj spc^Een of uodet the 
objeotaonable term of "fuel," enters into comlniation at ome, 
on the application of hea.t, and that, duriag such cotnAuriton, 
it eTolves tbe gaseous matter which it containB. " "JUda, 

however, is neitlier correct nor sdentdfic, and evades an 
important feature in the use of coal, namely, the order ia 
which the gaseous and solid portions come into uae as heat- 
giving media. 

When heat is first applied to bituminous coal, the quea- 
tion naturally arises, What becomes of it P or. What is its 
eSect? 

A charge of fresh coal thrown on a furnace in an active 
state, so far from augmenting the general temperature, 
becomes at once an abiorhent of it, and the aoturce of the 
volatilisation of the bituminons portion the coal; in a 
word, of the generation of the gas. Kov, Tola'taliaation u 
the most cooling procesa of nature, by reason of the quantity 
of heat which is directly converted from the eemible to the 
laient state. So long as any of the bituminous constituents 
remain to be evolved from any atom or division of the coal, 
its solid or carbonaceous part remains black, at a compara- 
tively low temperature, and utterly inoperative as a heating 
bodv. Tn other words, the carbonaceous part has to wait its 
turn for that heut which is essential to its own combustion, 
and in its own peculiar way. 

If this bituminous part be not consumed and turned to 
account, it would have been better had it not existed in the 
coal; as such heat wonld, in that case, have been saved and 

in tepresented as being ignited, or conTerted into flaine, which ia incorrect. 
Coal-gas may bo coaverted into flame, and coke ms.3 IM igniteil, but coal 
can neither be ignited nor converted into Same. 

Again, "But, tmUl tbeir ignition is complete, a tmoJte viU arise, 
■which, passing to the flue over the bumine coal, vnll be igniUd." Here it 
ia the gaa which ia ignited — tlie term smoke being improperly need instead 
of got. This, also, is incorrect, as moke, properl; epeaking, bdiig once 
formed, cannot be ignited or inflamed in the same fomaoe. 
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become available for tbe busmeBs of the furnace. To this 
circumstance may be attributed the alleged comparativelj- 
greater heating properties of coke, or anthracite, over 
bituminous coal. 

The point nest under consideration \nll be the proceases 
incident to the combiiBtion of tbe gaseous portion of the 
ooal, as distinct from the carbonaceous or portion. 



CHAPTER II. 

* oE aABBOvs couBnriLTioiirs, and sxB.ia.avi.ixix or tbb 
maas ot coaIi axa and ais. 

HATnra pointed out the leading chaxacfmatio in the use 
of ooal, ariaing out of its elementary divisions Uttminoiu and 
aa-hoitaceous, our next step is, its union with atmospheric 
air. This part of the subject will require the more attention, 
as the practicable economy in the use of coal will be fonnd 
connected with the combuHtionof the gases. The mechanical 
engineer may ask, What has this to do with boiler-making 
and furnaee-building P Nevertheless, it involves the whole 
question of right or wrong, so long as a furnace is to be 
part of a boiler, and that coal is to be consumed in that 
furnace. 

On the application of heat to bituminous coal, the first 
result is ita absorption by the coal, and the disengagement 
of gas, firom which flame is exclusively derivable. 

The oonstitumts of this gas are, ^drogea and eeaion: and 
the Tinions which alone concern us here are, carhv/retted 
Jiydrogm and H-oarburefted T^Arogea, commonly called 
olefiant gaa. 

ConibugtibUi^ is not a gnality ti£ tbe oomhnstibl^ taken 
'btfitaelf. It is, in the case nowbeforeus, iheimiimofthe 
combtutible with oxygen, and which, for this leason, is called 
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the " supporter ;" neifcber of whieii, howeverj when taien 
alone, can be consumed.* 

To effect combustion, then, we mast have a combustible and 
a supporter of combustion. Strictly speaking, combuatioQ 
means union : but it means chemical imion. 

Let us bear in mind that coal gas, whether generated in 
a retort or a furnace, ia esaentially the Bame. Again, -that, 
siadctly speaking, it is nob inflammable ; as, tfae^, it can 
neither prodace flame nor permit the continuance of flame 
in other bodies. A lighted taper introduced into a jai of 
carboretted I^drogen (coal gas), bo &r from iTiflj^niiTig the 
gas, is itself inatantly extinguiEibed. Effective combustion, 
for practical purposes, is, in truth, a question more as 
regards the air than the ^as. Besides, -svo have no control 
over the gas, as to quantity, after having thrown the coal on 
the furnace, though we can exercise a control over that of 
the air, in all the essentials to perfect combustion. It is 
this which has done so much for the perfection of the lamp, 
and may be made equally available for the ^rnaoe ; yet, 
strange to say, in an age -when chemical science is so 
advanced, and in a matter ao purely chemical, this is pre- 
cisely what is least attended to in practice. The Sow, and 
the when, and the mhere this controllihg influence over the 
admission and' action of the air ia to be exercised, are points 
demondii^the moat BdHpoB ctmsldeEati(nDi,-and caiionly *be 
decided on strici ckemeal principles. 

* " In ordinary langTiase, n i)ody ia said to burn when ife dements unite 
with tlia oxygen of the air, and form new products. One of the bodies, as 
liytirogeii, is torrocd the burning or comhnBtible body, and the osygen is 
gaid to h: the siipporttr of eombustioa ; but thia lanyiia<;c, although eon- 
may be burned in ,i vessel of hydrogen, as well aa hydrogen in a vessel of 
oxygen, the one and the other being equally active in the piooUB, and 
being related to each other in every way aiae,"--«-iibflwn(« df OHmittry, 
by.Robert Sane, M.D. Part L, p. 285. 1840. 
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OF THE C0iraTITnBM!8 OE COA.Ii GAS AITD AIE, AJJD THE 
EELATITE QUANTITIES BEQUIRED TOB COMBUSTION. 

TuE first step towards effoctiag the combustion of any gaa, 
is the ascertaining the quantity of oxygen with which it will 
chemically combine, and the quMitity of oir required for sup- 
plying such quantily of oxygen. Here, then, we aire called on 
for strict cbemical proofs — these Beveral quantitieB de- 
-praiding on tiie &otilty of' each in combiiuDg mth certam 
idBfinite'piapwtions of the othet — &ib sapportar; these 
nsp^dxfe propoEtaons being tomed " eguitalatta^' or com- 
Imdng-ndiimes. 

Now, the docttine of "equivalents," that all-ccmTineing 
proof of the tmliha of chemistiy, zedocea to a mere matter 
of ealculatbn thabir^cb ironld oHmrwise be a complicated 
tissue of uncertainties. 

Much of the apparent complexity which exists on this 
head arises from the disproportion between the relative 
volumes, or hulk, of the constituent atoms of the several 
gases, as compared with their respective weights. Por 
instance, an atom of hydrogen is doulle the bulk of an atom 
of carbon vapour; yet the latter is six times the weight of 
the former. 

Again, an atom of hydrogen is double the bulk of an atom 
of oxygen; yet the latter is eight times the weight of tho 
former. 

So of the constituents of atmospheric air — ^nitrogen and 
(ssjgea. An atom of the former is double the hoik of 
an atom of the latter ; yet, in freight, it is as fourteen to 
■^ht>. 

IhaTO stated tbatthm aKtwo-detcriptions of l^dro- 
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carbon gaees in tlie combostion of which we are concerned ; 
both being generated in the faraaee, and even at the 
same time, namely, the earbureited and hi-carhuretted 
hydrogen gaees, the proportion of 1^ latter in coal gas 
being eatinutted ab about ten per cent. "Eat the sake of 
simplifying the explanation, I will confine myself to the 
first." 

On analyzing this gas, we find it to consist of two Tolumes 
of hydrogen and one of carbon Tapour ; the gross bulk of 
these three being condensed into the bulk of a single atom qf 
kgdroffen, that is, into two-fifbha of their prenous buU^ as 
shown in the annexed figures. Let figure 1 represent an 
atom of coal gaa — carburetted hydrogen — with its con- 
stitnents, carbon and hydrogen ; the f^ace enclosed by the 
Unes representing the relatiTe size or volume of each; 
and the numbers repreaenting their respei^ve weights 
hydrogen being taken at unifg both for volmne and 
weight.* 



Carbwetted Sydrogm. 




' "Co gaa (larburctted liydrogcn) eat composfi da "5'17 parties (by 
wdj;lit) lie carljoiif, et 24'33 d'hydrogune ; ou, d'tm v<Aame de carbons 
gazoux et tiuntre vulumes de gaz LydrogCne, condenses & la inoitifi du 
Tolumc do ce dernier, on, nwx 2/5 du Yoliune total dn gai, de numidrs qna 
do cinq Tolnmcs aimplea, il n'en tCsalte pas pins de denx de Ik com- 
UnaboD." — Beh^iat, toL I., p. 330. 
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Fig. 2. 




Let UB now, in the same analytical manner, examine an 
atom of atmospheric air, t!ie other ingredient in combua- 
tion. 

Atmospheric air is composed of two atoms of nitrogen 
and one atom of oxygen j each of the former being double 
the volume of an atom of the latter, while their relative 
weights are as fourteen to eight : the gross vohme of the 
nitrogen, in air, being thus four limeB that of the oxjgieia. ; 
and in weight, as twenly-eight to eight, as sbomi in the an- 
nexed fignie 3. 

Atmo^herie Air. 



Fig- 3. 




In the ooal gas we fotind the constituenls condensed into 
tteo^hi of tbdr gross bdk : this is not the case with air ; 
an atom of which is the same, io^% at to hulk and waght, as 
the sum of its constituents^ as here shown. Thus, we find. 
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the oxygen tears a proportion in volume to that of 
the nitrogen, as one to fire ; there being but 20 
cent, of oxTgen in atmoBpheric air, and 80 per cent, of 

nitrogen. 

We now proceed to the ascertuning the tepea^ quanti^ 
cf oxygen required hy each of the eonstituents (of the gas), 
ao as to effect its perfect combustion. 

"With respect to this reciprocal saturation, the greafc 
natural law is, that hodies combine in certain fixed propor* 
Hons only, both in volume and we^ht.* 

The important hearings of this elementary principle 
«^nnot be naore Btrikingly iUoBtrated than in the com-' 
bkoftticmB of which the elements of atmospheric air are 
HoBceptible. 

■'Sox' instance, oxygen unites chemically with nitrogen in 
five diS^!!ent -^portionB, forming fire -distinct .bodies, each 
«aBentiiBlly:-di£[sEeDt from tha-othwEi, tiins : 

Atoms. Weigbt.. Atoms. WdghL Gross Wtiglit. 

1 ofVitngen 14 nntteB iriOi 1 ofOzjgen 8 forming mtrouB Oside S2 
1 ■ li ... 2" "... 18 ... mtrioOaddB 86 

1 ... U ... S ... 24 ' ... :E^Ti>nft»nu&^88 
I ... 14 ... i ... 3a ... mtronsAdd 4ff 
1 ... 14 ... 5 ... 40 ... NitrieAdd 54 



* " L'oxpfirienoo a dfimontri: quo, tie mime que Ics tliimeas sc com- 
binent dans des proportiona fises et mmltiples, relativement i. lenr poide. 
Us Be comfaineDt tHUsi, d'vne maniSre (tnalDga^ teUldvement i, lenr 
vdlvmt, loni^n'ila eont iL I'fitat de gu : en aorte q.a'nn Tolnme d'mi 
dement se ccmbuie, oo, avec na volume €gal an den, oa arec 2, 3, 4 et 
pins de ia\s son volnme d'tm autre £I£ment i. I'Etat de ga7. En comparant 
ensemble ics pbCnom&nea oonnua des combinaisons da substances gazenscs, 
nous decoHvrDn.i !es mimes his des proportions iiies, quo cellcs que vous 
T«noii3 de dOJuire de lenrs proportions en poiiU ; ce qui donne lien A une 
ma,niOra de se ropr6Bcntcr !es corps, qui doivent se combiner, Boaa des 
vohimea reiatlfs it I'dtat <le ga2. Les degriis de combinaiaona flont absolu- 
menl lea m£mes, et ce qai dans I'oae est nomm£ atome, est d&ns Tantre 
appel£ vohim."-^Bemlius, toI, IV., p. 649. 
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Or thus : 

Fis. 4. 




Atmwpbeijo idr. 



■- Nltcoofl Oxide. 



Ooo 




Oooooo— 

"VTe here find tte elements of tbe air we breathe, by a mere 
change in the proportions in ■which they are united, forming 
so many diatitict substances, from the laugTting gas, (nitrous 
oxide,) up to that most destruotiva agent, nUrio add, com- 
wyniy callfld agua-forii». 

On the application of heat, or ■what may be termed the 
firing or lighting; the gas, when duly mixed with air, the 
hydrogen aeparaies itself fiwn its fellow-constituent, the 
carbon^ and form? an union, .with oxygen, the produce of 
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■which is water. The saturating equivalent of an atom, or 
any other given quantity of hydrogen, is not double the 
volume, as in tbe case of the carbon, but oite-Jialf its volume 
only — the product being aqueous vapour, that is, steam ; the 
relative weights of the combining volumea being 1 of 
bydrogen to 8 of oxygen ; and the bult, when combined, 
being two-tiiirdB of the bulk of both taken together, as 
flhovn in the annexed figure. 



Fig. S. 




Again, the carbon, on meeting its equivalent of oxygen, 
uuitea with it, forming carbonic acid gas, composed of one 
atom of carbon, (by weight 6,) and two afyms oi^gen, (hj 
weight 16,) the latter, in volume, being double that of the 
former, as in the annexed figure. 



Fig. 6. 




No &ct8 in chemistry, therefore, can be more decidedly 
proved, than that one atom of hydrogen and one atom of 
oxygen (the former being double tie hulk of the latter) unite 
m the formaldon of vater; uid, further, that one atom of 
carbon vapour and two fttoms of o^^ latter being 
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double flte bulk of the former') unite in the formation of car- 
bonic acid gas. 

Having thus ascertained the quantity of os^gen required 
for the saturation and combustion of the two constituents 
of coal gaa, the remaining point to be decided ia, ■£he 
gxicmtity ef mr thai vnU be required to ti^kf thit ([waoti^ of 
oxygen. 

Tliia is easiljr BBcertained, seeing that ve know precisely 
the proportion which oxygen bears, in volume, to that of 
the air. !For, as the o^gen is bat one-jifth of .the balk of 
the au-, Jvoe volumes of the latter will necessarily be 
required to produce one of the former; and, as we want 
two TolnmeB of oxygen for each volume of the coal gas, it 
fiillomi tha^ to obtaht ikoie two vohmei, m must provide ten 
vohmes of mr. 

As the proportion of air required for the combustion 
of the hircarburetted hydrogen (olefiant gas) ia necessarily 
larger than for the carbvrelted hydrogen, a diagram of 
each is annexed, shoving the volnme of air required for 
combnstion. 



Ckrburetted Kgdrogen. 



PEODnoTs op ooMBDSiioa. 
Weight 

Oarbaniij Add. 




li IHE COlCDFBTKnr OP COuLI> 

■Sii-Cktrburatted SgSrogm. ■ 

SIFOBB OOUBTTSnOK. ELEUBKZAKT KnmSX. PXODOOfS 07 COHBVSTION. 
VUgfat. Atoms, Tfdglit T«)glit. 
I Carbon... 6 



14 ffi-oarliDTettea 



yy^^^ * Steam. 




22 Carbosie itdd, 
22 Carbonio Acid. 



216 Atmoapberic 



CHAPTER IV. 

OF THE QTJASTITT OT AIK BEQUIBED FOB THB COMBUSTIOK' 
OP CABBON, AFrEK THE GAS HAS BEEN OENEEATED. 

Hatttto disposed of the question of quantity, as regards 
tlie supply of air required for the saturation and combustion 
of the {jascous portion of coal, we Lave now to answer a cor- 
responding question, with reference to the carlonaceous part 
resting in a solid form on the bars q/ier the gaseous matter 
has been evolved. 

Carbon ia stated, by chemists, to be susceptible of nnitiiig 
\nth <»7gen i^ three pioporlaonB, bj which, three distinct 
bodies ace ibrmed, posseBsing distinct i^emical properties. 
■ lias pecoliarity of the unions of carbon frith o^gen is 
whoUy unattended to in practice : yet we shall see how 
esaentdal it is in considering the quantity of air to be intro- 
duced to a furnace. 
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These three proportions, in -wliioli carbon unites vrith 
oxygen, form, &rat, carbonic acid; second, carbonic oxide; 
and, third, earhonous acid (or oxalic acid). With tho first 
and second only i^'e have to deal in the furnace— differ- 
raice between these two formations being peculiarly im- 
portant to our present subject, 

"Were carbonic acid the only product of the combustion of 
the carbon of the coal in the furnace, no more wonld here 
have to be said ; but there 13 the other state ia which we 
find carbon imitiilg and paefiing away with aryfgea, and 
vMcb givea rise to eonsiderotianB of the utmost importaxtc6 
in thia branch bf ike inq^uiiy. Tins other Btete is that of 
carbonic oxi4e, thfffomsHon o£ which, in the furnace, is 
wholly unheeded ^';^cidce,tiItjHm^ its influence on the 
quantity of heat obtained ia very considerable, the very 
name of this gas not having hitherto been noticed by any 
■writer in connection with combustion in llie furnace. 

Carbonic acid, vre have seen, is a compound of one atom 
of carbon with two atoms of oxygen ; while carbonic oxide 
is composed of the same quantity of carbon with but half 
the above quantity of oxygen, as in the annexed figures. 



Fig. 7. 




Fig. S. 




Here ve see that carbonic oxide, though 
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one-lialf the quantity of oxygen, is yet of the BSmo bulk or 
volume as carbonic acid, a circumBtaDce of considerable 
importauce on the mere question of drauffht, and snpply of 
air, as will be hereafter shown. 

^ow, the combuation of this oxide, hy its conversion into 
the add, ia 08 distinct aQ operation as the coDibustion of the 
carburetted hydrogen, or any other combustible ; yet all this 
is wholly overlooked m practice in the operations carried on 
in the furnace. 

But 4he most important view of the question, aaA. one 
which is little known to praotitioners outside the laboratory, 
is as regards the formation of this oxide ; and this is the 
{lart of the inquiry which most requires our attention. 

The eff^b of the union of carbcm and oxygen is the 
fonnatiott of carbonic and. boweT<er, we id>ftraet one of 
its porticma of oxggen, the Temaining proportiona would then 
be those of carbonic oxide. It is equally dear, however, 
that if we add a second portion of etaion to carilranio 001^, 
we shall anive at the same result, namely, the having carbon 
And oxygen, combined in equal proportions, as we see in 
carbonic osdde. 




By the addition, then, of a second proportion of carbon to 
the above, two volumes of carbonio oseide will be formed— 
tbos: 
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Pig. 10. 




Kow, if these two volumes of catbonic oxide cannot find 
the ox7gen required to complete their saturating equivalents, 
they pass away necessarily but XttJ/" consimed, a circum- 
stance which is constantly taking place in aU fumacea 
where the air has to pass through a body of incandescent 
carbonaceous mntter. 

This frequently leads to a fatal error in what is called the 
" combustion of smoke :" for if the carbonaceous constitaent 
of coal, and, while yet at a high temperature, encounters 
carbonic acid, this latter, taking up an additional portion of 
carbon, is converted into carbonic oxide, and again becomes 
a gaseous and invisible combustible. 

The most prevailing operaldon of the furnace, however, 
and by whicb the largest quantity of carbon is lost in tbe 
shape of carbonic oxide, is thus i — The air, on entering from 
the ashpit, gives ont its oxygra to the glowing carbon on 
the bars, and generates much heat in the formation of car- 
bonic acid. This acid, necessarily at a very high tempe- 
rature, passing upwards through the body of incandescent 
solid matter, takes up an additional portion of the carbon, 
and becomes carbonic oxide.* ^ 

* "CarlwiiiotnidftmivlKobfadned by transmitting carbonis aoid over 
nd hat fragments of cb&iODal eoDtuned in an iion or porcelain tube. It U 
k&idl«d : oombina vitit balfifaToliime of oxjrgen, forming oarbonic 
add, wUdi nt^na the oripnal rolame of the oarbonic oxide. Hie oom- 
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Thus, by the conversion of one volume of acid into two 
TolameB of a>nde, heat is actually absorbed, while we also 
lose^tiharporiiioii of carbon taken up during soob coiiTersion, 
au6bate[-decelTed by imagining va hare " Immed tie tmoke." 

The' formation of this compound, carbonic ozid^ beings 
thus attended by circumstances of a cniious and involved 
nature, is, probably, tbe canse of thaprevailing ignorance of 
its i properties. For, while ire find, in every mouth, the 
term carbonic acid, as the product of combustion, we hear 
nothing of carbonic oaAde, one of the most waste-inducing 
compounds of the furnace, unless provided mth its equi- 
valent volume of air, by which its oombustion will be 
effected.* 

Another important peculiarity of this gas (carbonic oxide) 
is, that, by reason of its already possessing one-half its 
equivalent of oiygen, it inflames at a lower temperature 
than the ordinary coal-gaa; the consequence of which is, 
that the latter, on passing into the flues, is often cooled 
down below the temperature of ignition ; while the forrMr 
ia sufficienilj heated, even after having reached the top of 
the chimney, and is there ignited on meeting the air. This 

boation is often witnessed in a coke or cbarcoal fire. The cnrbomo a(ud 
prodaced in the bwer part of the fire is concerted into carbooio oxide 
as it passes up thmgh the red hot emben." — Orahatiit Slemeaie of 
Chentittrg. * 

* "Among the stora-doctora of &a present daf, none are more 
dangeroDS' than Ihoge vho, on the pretence of economy and conrauence, 
rocommend to keep n large body of coke baming slowly, with a slow 
circulation of air. An acqDaitttance with chemical ecience would (each 
them, that, in the obsoare combustion of coke or charcoal, much carbonic 
oxide is genenitei], and much fnel oonanmed, with the proiluctiau of little 
heat; and physisal science would teach them, that, vheii tho chimney 
draught is Linguid, the burned air is apt to r^nrgitate through every 
Beam or orevic^ -vitk the Imminent of aaaag asphjpua, or death, to 
tbe inmates of Bpwtmenfe BO pt<Eqpo«teioiidT}isatod,">^^ SMtPe^M 

Jme, 1836. 
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is the cause of the red flame often seen at the tops of 
chimneys and the funnels of steam-veBfielB. 

"We may thus set it down as a certainty, that, if the 
carbon, either iDf the gas or of the solid mass on the bars, 
passes away in union vitb oxygen in any other fdm or pro- 
portion than that of carbonic aeid, a commeaifliiwte loBB -of 
heating effect is the result. 

' Hence we see how the peculiar influence which carbonic. 
oxide exerciseB, in its formation and combustion, justifles 
the observation of Chevrenl, iu his " Le9on8 de Ghimie," that 
" la comaissmce de ses^opridtds est vadiapeiaiAlefOwr^bien 
cowwfUre le carbon" 

Of the application of carbonic <mde in tfae'mma&ctnre 
of iron, and the isiode of eSbcting its coiQbiistioQ,*notice will, 
be taken in a sabaequent chapter. 



CHAPTEB V. 

OP THE QUALITY OP TEE ATB ADMITTED TO A FUnlfACE. 

When we speak of miiiug a given quantity of oiygen 
with a given quantity of coal gas, we do so because we know 
that the former is required to saturate the latter ; so when 
we ffpeak of mixing a given volume of atmospheric air with 
a givm Tolome of coal gas, we do so knowing that such 
prficiee quantity of air will provide the required quantity of 
oxjfgm. 

■ ^fatmeror, l^'snyoireumBbaae^'seoidentalorothfama^ 
theairfveempItfyliaBeithcvloBtaiiyptstionof its o^^ 
OF is tnixed mth any other gas or matter, it no longer beari 
the character of pure atmosph^c air, and cannot satisfythe 
condition as to quaniitif of oxygen vibiah. was essential to.our 
purpose. 

We xeqnire teu cubic' feeb of to anpp^ two oubio feet 
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of oxygen to e&ot the combustion of one cttbio ibob of coal- 
gas ; but if this quantify of air does not ccmtain this 20 per 
eent., it is manifeBti we cannot obtaiii it. The air, in tiuB 
caa^ may be said to be vitiated or deteriorated ; and, in this 
sense, l^e gwdi^ of the air we employ is entitled to serious 
consideiatlon. 

Let uB now inquire how far the ordinary mode of con- 
stmcting and man^ng our furnaces enables us to satisfy 
this condition, namely, the providing unvitiated air both to 
the solid carbonaceous portion of the coal oa tho bars, and 
the gaseous portion in tlie furnace. 

Tredgold, and others after him, overlooking these dis- 
tinctive features in the processes which coal undergoes in its 
progress towards combustion, give preposterous directions 
as to the introduction of air. He says, " The opening to 
admit air (the ashpit) should be sufBciently large for "geo- 
docing the greatest quantity of ateam that can be required, 
but not larger." Here we find the "quantity of steam" 
aotuallj considered as dependent on the area of "the 
€petm0 to admit a£r *' to tiie ashpit^ than which nothing can 
be mote incoirect,* then, Tredgold could so palpably 
overlook the ekemieal essraitialB in the combtutaon of the 
two separate constituents of coal, it cannot be a matter of 
surprise that those who hare been taught to follow in his 
steps should have made so little advance in perfecting our 
system of furnaces. 

I have alluded to Tredgold'a directions with the view of 

• "In the construction of fire-placea for boilera," he observes, "wa 
]ia\e to comhine eserjthing wliich is likely to add to tie effect of fuel, and 
to nToid everything ■which tends to diminiah it, as far as posM.tle. Now, 
without uome knowlodge of the uature of the operation of burning, it mtH 
Ecarcel; be poEaible to do auythbg good except by mere accident. We 
should be like seamen in a vesiel at sea irithont a compass, -with as little 
eluuioe of rteedng to ^ intended part," 

Ho man can question vhether the a1»eace of a oompass would not be 
pn&rable to one wbidi ahooM direetly induce iu to ateer a vrong cause. 
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pointing attention to that ivhich has hitherto been so 
neglected, namely, the two diatinet operations of supplying 
air to the gas generated in the upper part of the furnace, 
and to the solid carbon resting on the bars ; and, also, to 
the injuiy caused by compelling the vihole supply to pass 
thioagh the aabpit, and tbiongh bqcIi solid carbon; by 
wbicli not only a defioienoy of oxygen is occasioned in the 
air ' intended foi bnming the gas, bnt an nndae and 
injmions lu^g of the combn^ion of the oaxbonaDeoaB 
matter.* 

Tet this is our daily practice. We bring air to the gases 
■which has already been employed in a aeparate and even 
destructive procesa, and yet espect the result to be satis- 

factoTj and the combustion complete. And Tcben we find, 
instead of producing carbonic acid and water, that we have 
produced a large volume of amoJce — of unconsumed combus- 
tible matter — we then set about inventing processea 
which this smoke is to he " consumed" and the evil we had 
ourselves produced, corrected. 

• "To socceed in oonflumicg the oombuatible gases," obserres Tred- 
gold, "it is necessarj tliat they nix iiith a!r tba,t has become hot, hy 
passing ihrougli, ovtfi; or among (lie fuel inhich hot ccaeed io smokt; the 
words of tlie patent of Mr. Watt, dated 178o." 

Here there con be no miBtake, yet nothing can be more luiEdeDtific or 
miBouikd in piinraple. Vha insritable lesnlt of thia epamtdon wonld Iw : 
£iat, tha deptiviag the tii, moie or lesa, of Hb oxygen ; and, Moond, by 
nr^ng tMs inoreued qnutit; of air, to act like a Wart on such red Iiot 
fuel, to conanme it with mmeceBSU? and iqniiouB mpiditir. 
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CHAPTER YI. 

or THE mxlSB ADD IirOOBPOSA.TIOir OS AIB AHD- ' 

coAi^ axa. . 

HiTTtra- disposed of tlie quesfciona regarding the quantity 
and quality of the air to Wfe admitted, our next consideration 
is, the effecting such a mixture aa is required for effective 
combuation. 

It soema taken for granted, in practice on the large scalej 
that, if air, by any means, be introduced to " the fuel in the 
furnace," it ivill,-as a matter of courBe, mix with the gas, or 
other combustible, in a proper manner, and assume the state 
suitable for combuation, whatever be the nature or state of 
such fuel. Tet, as well might it \>s said, that bringing 
togelier given quantities of nitre, sulphur, and charcoal, in 
muset, 'was sufficient for the constitution of gunpowder. It 
is, however, the proper distiibation, mixture and fnoorpo- 
raHon of the tespeotiTO elemeQtat7 atoms of those maBses 
which impart efficiency and simultaneougnesa of action, and, 
necessarily, their eiploaive character: * and so, also, in th© 
bringing bodiea of gas and air into a state of preparation for 
efficient and simultaneous combustion. 

In operating in the laboratory, when we mix a measared 
jar of an inflammable gas with a due complement of oxygen 

" Doctor Ure, in bis Chemical Dictioiwt/, puts tbis clearly and 
l^ciblj. Gunpowder is composed of given weights of nitre, cliarcoa], and 
Bnlphnr, "aUimalely hlendtd together b; long ponudisg ia wooden 
mortals." Agiun, "The Taiiationa of BtreDgth, in diflerent uunplss, Kre 
generally occaaioned 1^ the more or leas intimate divitim and miaiare of 
the parts. The reason of tliis may be easily deduced Seam the consid^tioii, 
that 4utre does not detonate nntil in contact with inflammable matter: 
whence the whole detonation Trill Ik more speedy the more mtmrout the 
m-facti of contact." 
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gas, the operation teing performed leisurely, due ineor- 
poratioa follows, and no question as to tlae want of time 
arises. 

In this operation the quantities are small : both bodies ace 
gaseous : there is no disturbing influence from the preaenoe 
of othet matitaE': ibe leUfOTe giaatitiea. of bot& are is 
satnzalaDg propoitiooa ; | ui^above all^ are naa&oted \iy 
conent or draughts 

But compaie this ddiberate. labocatoiy operation tritli 
what takes j^ace ia the fiimacOt. £^rsl>, tbe .quautifiieB are 
lai^t, Becondly, the 'bodies to^ls consumed, ai« partly 
gaseona, partly solidt thirdly, the gasea- erArsd £»m tbe 
coal are part combnstible and part iuoombimtible : fourthly, 
they are forced into connection, with a large and often over- 
whelming quantity of the products of combustion, chiefly 
carbonic acid; Gfthly, the very air introduced ia itaelf 
deteriorated in passing through the bars and incandescent 
fuel on them, and thus deprived of much of its oxygen -. 
sisthly, nnd above all, instead of being allowed a suitable 
time, the whole are hurried away by the current or draught 
in large maBses. 

Dr. Heid, in hia "Elements of Chemistry," when de- 
scribing the detonating mixture, directs " that the oxygen 
1>e taeU mingled with the hydrogen." Here deliberate 
measuxea are t^Q;n for the diffusion of a mere phial full, yet 
we toike no paioa to hare these same. IngredieatB "toeU 
mhffled" in the furnace I 

la the " Experimental Itesearches on the Division of 
Gases," by Mr, Graham, we have abundant proof of the 
absolute necessity for giving time. In one ease,, he ob»- 
serves, " the receiver was filled with 75 volumes of hydrogen, 
and 76 of defiant gas, agitated and allowed to stand 
over water for twenty-four hours, that the miteture might 
he as peffect as posHbie." In general, he allowed four 
hours to e'lapse before. he eonsidered the.gaseBi^equatei^ 
mixed. 
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Professor Daniell finds, that even in laboratory eiperi- 
menta, it is essential to gire an excess of oxygen to secure 
an adequate portion reaching each atom of the gas to be 
consumed, no more, however, being conaiuned tfian its due 
equivalent of oxygen.* 

But the obaervations of Profesaor Paraday Bhould satisfy 
U3 at once on the question of' time, and justifies the attri- 
buting so much importance to this hitherto neglected 
featnre in the proceea of combnstion on the large Bcale. In 
ioB " Chemical KanipolationSi" p. 360, be a^, " It will be 
proper to obserre, that, allhough in making mixtures of 
gaaes, they become tmiform without agitation, ^ su^- 
eient Hme he allowed, the period required irill be ver^ long, 
extending even to hours, in narrow vessels. If hydrogen bo 
thrown up into a loidc jar full of oxygen, so as to fill it, and 
no further agitation given, the mixture, after the lapse of 
sevp.ral minutes, will still be of different composition above 
and bolow." Here are several minutes proved to be neces- 
sary in effecting adequate mixture in a jar full of the gases, 
whereas we cannot afford even several seconds for the mixing 
of a furnace full. 

Now this brings us to the conclusion, that, as we cannot 
force the gas and air to mingle vrith sufficient rapidity, 
under the ordinary circumstances of the furnace, our views 
should he directed to the effecting sucl} modifications of 
that furnace as will aid nature in those arrangements which 
aire essential to combustion, raider than in ohstructirtg 
them. 

Having consulted Professor Daniell on this Bubjeot^ his 
opinion, here given, is of importance. 

* " In the process which has been described for collecting the prodnctE 
of the detonation of hydrogen and osjgen, it is necessary that (key he 
mixed vci-i/ aecuraUly. in the proportion of tvro of hj'drogen to one of 
oxygen. In these proportions the; enter into ComUnotion, sod in nose 
other : and if either were in excess, the gntploa woidd be Irft after 
detonation." — DantdVa Jntroduclion to Chemical PMte*(^S. 
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OPINION. 

"Kuo'sCoUBaB, SlAAugtut, 1810. 

" There can be no doubt, that the affinifcy of hydrogen for 
oxygen under moat circumstances 13 stronger than that of 
carbon. If a mixture of two parts of hydrogen and one of 
carbonic add be passed through a red-hot tube, water is 
formed, a portion of charcoal is thromi down, and carbonio 
oxide paases over with the excess of hydrogen. 

" With regard to the different forma of hydro-carbon, it 
is well known, that the whole of the carbon ia never com- 
bined with oxygen in the processes of detonation or silent 
combustion^ unless a lartfe excess of oxygen he present. 

"jFor the complete combustion of olefiant gas, it is necessary 
to mix the gaa with five times its volume of o^gen, thot^h 
ihre$ onJff are cotmmed. If leas lie luetl, part of tlie carbon 
Mcapet ootiAination, and 10 deposited aa a black povder. 
Even sniKarburetted liydrogeii it ia necessary to mix frith 
more than twice its bulk of oi^gen, .or the sane precipi- 
tation will OCCOT. 

" It ia clear, therefore, that tho whole of the hydrogen of 
any of these compounds of carbon may he combined with 
oxygen, while a part of their carbon may escape combus- 
tion, and tliat even when enough of oxygen is present for its 
saturation, 

"That which takes place when the mixture ia designedly 
made in the moat perfect manner must, undoubtedly, ariae 
in the common proccssRs of combustion, where the mixture 
ia fortuitous and much less intimitte. Any method of 
ensuring the complete combustion of fuel, consiating ^ta^y 
of the volatile hydro-carbons, must he founded upon iTieprm- 
piple of prodaoinff an intimate mixture toith tiem of atntot- 
pheric mr, in eteeeat, in tbat part of the fiimace to which 
ths7 natniallj rise. In the common construction of fur- 
naces this ia scarcely possible, as the oxygen cfihe air, which 
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pattes through the fire liars, is mostiy esepeitded ufxm the 
soUd part ^ ignite jml wt^ tohieh it first comet ia 
contact. 

"J. DANIELL. 

" To C. TT. WilHam^ Bsq., ix. &&" 



CHAPTER Vn. 

OS XHE OOHDmOBB OK -WHICH THB XHOOHPOBA'nOS OB 

THE GAS AND AIB ABB EFPSCISD PBEFABATOBY TO 
COIIBUSTIOS. 

Pbofessob Dasiell, in the opinion jusfc quoted, states 
the true principle on which any improvement in oup 
furnaces for ensuring the complete combustion of bita- 
minous coal must be founded, namely, the producing aa 
intimate previous misturc between the gaseous portion and 
atmospheric air. 

On this head we find many convincing illustnitionB of 
what nature lequirefi, and what a judicious mode of biingiDg 
adr to the gas cson effecty in tho comman candle, and in tlie 
Ai^ltmd limip, that I propose etamining these two exen^U- 
flcationB of gaseooB combinatioas and comboBMcoi, in the 
maimer adopted "bj the best British and contineiital 
chemists. 

Mr. Brnnde observes, " In a common candle, the tallow 
is drawn into the wick by capillary attraction, and there 
converted into vapour, which ascends in the form of a 
conical column, and has its temperature suiEciently elevated 
to cause it to combine with the oxygen of the surrounding 
atmosphere, with a temperature equivalent to a white heat, 
Sut this combustion is supeificial onl^, the fiame being a 
thin fihn of white hot vapour, enclosing an interior portion, 
leJioA cannot htrnfor want of ou^en. It ia in consequence 
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of tliia. Btruetiire of the flame that we so materially increase 
its heat, by propelling a current of air through it by the 
ilotf-pipe." 

Dv, Beid observes, " The flame of a candle is produced 
by the gas formed around the wick acting upon the osygen 
of the air : the flame ie solehj at the exterior portion of the 
SBcending gas. All without ia merely lieated air, or the 
products of combustion ; ail within is uneonstaned gat, ritaiff , 
in its ttvm to affect (mingle with) the oxygen of tfae air^ 

"If a glass tube be introduced ■within jj 
tW flune of a Iwnp OF candle' (at) repmented 
m Fig: 11),. pittC of the imeonsnmed gas' 
paaaea tbrooglt it, and tascj be Mndled as it 
escapes." 

Berthier, toI. i., p. 177, obBKrvee^ "Tbe 
£ftme presents tbur dietinct pifftB t namely, 
ftE8fe, 'l£e htsa,- of a Beubie blue: tins is 
the gas which bums with difBcnlty, because 
it baa not yet acquired a sufliciently high 
temperatare ; secondly, an interior dark 
cone : this is combustible gas higlilr/ heated, 
hut which does not burn, because it is not mixed with air; 
thirdly, the hrilliant conical cnveJ-ope: in this part, com- 
bustion takes place with a deposit of carbon; fourthly, 
a eonieal envelope, which gives but little light (' trea pen 
himiiieuse'), surrounding the whole flame, extremely thin 
or attenuated (' extremement mince '). Combustion is com- 
plete in this part, and it is at its contact with the lummowt 
HiTelope that the temperature is the highest." 

Berzelius, vol. viii., p. 151, .observes of the flame of a 
candle ^^Afc ite base we pereeive a smdl part of a deep bine 
colour. In the middle ie a dark parf> fdiioh oontainB the 
gas evolved irom the wick, bat which, w>t ieing-gel in eontadt 
with tie mTt eamtot ium t obtEEtde -of 1^ is f^.bniUiant 
part of the flaflie. "W^dso perceive on.ihe confines of fhlb 
latter ft thin iiiintly lun^oos' envelope, which becomes 
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larger towards the summit of tlie flame. It ia there that 
the flame ia hottest. Dr. Thorason, in his work on " Heat 
and Electricity," and Dmnas, in his " Traitc de Ciiimte ap- 
pliques aux Arts," give similar illustrationB of the combus- 
tion of the gas in the flame of a caudle. Dr. Ure observes, 
" Nothing places in a clearer light the heedlessnesa of man- 
kind to the most instructive lessons than their neglecting 
to perceive the difficulty of duly intermingling air with 
inflammable vapours, for the purpose of their combustion, 
as exhibited in the eveiyday occurrence of the flame of a 
tallow candle, or oommon <h1 lamp ; for, thou^ thia flame 
lie in contact, extomallj, -with a corrent of air created i>y 
itself, yet a large portion of the tallow and oil passes <^ 
unconBumed, with a great loss of the light and heat wbidi 
they are capable of producing," 

It is here to be remarked, that notwithstanding the 
attention given to the Bubject by these chemical authorities, 
they have, nevertheless, omitted noticing the presence of 
the teaier produced by the combustion of the gas, and which 
will, hereafter, be shown to be one of the most important 
products escaping from the furnace. Thia will be treated 
in a aeparate chapter. 

All these authorities agree in the main facts : jftrst, that 
the dark part in the centre of the flame is a body of uncon- 
Bumed gas ready for c&mhustion, and only waiting the 
preparatory step — the misnng — the getting into contact vrith 
the 03^gen of the air : eecondtg, that that portion of the gas 
in which the due miziDg has been effected, forms but a thin, 
film on the outside c£ such nnconBumed gas : £%>n%, that the 
prodncts of comhnstion form the transparent enTelope, 
which jdslj he percdved on doee ioBpecfion : Jburf^, that 
the collection of gas in the interior of the flame cannot' hum 
there for want of oxygen. 

IJow these points involve the whole of the case of the 
Jiimaee: — they reveal the difference between perfect and 
imperfect combastioni 'Sbs hodiee of gas and aii hare, it is 
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tnie,^efi aeceas to each other : yet, time ie wanting for their 
due mixture. Thus, diffusion, and combuatioiL ouly pro- 
ceed, pari pauu, as the eooBtitaent atoms of the gas, " iaifyig 
iheir turn," are enabled to get into contact miii tiieiz 
xeepeoHre equivalent atoma of abnospherio osr^rgen. 

Z have not hitherto quoted Sir Humphry Davy on this 
head, for his whole "Beaeurcbes on Flame '* go in corro- 
boration of tbe facts here stated, and the inferences drawn 
■by 80 many competent authoritiee.* 

If, then, the unrestricted access of air to this small dame 
is not able, by tlie lawa of diifuaion, to form a due miztuze 
in time for ignition, a fortiori, it cannot do so when the 
supply of air ia restricted and that of the gas increased. 

Dr. Bold, speaking of tbe Argand lamp, Pig. 12, observes, 
that the intensity of the heat is augmented by causing the 
air to enter in tbe middle of a circular wick, or aeries of 



Kg.U. 




* "Jnlwkiiigateacl&atljatflam^" lieobaerrw^ "th«part vhtax the 
eomboBtible ie roktilised is seen, and It nppwn daAex, oontnurted vith 
tlie part in which it begim to bom, tiiat i% ithm it is >o mixed wtA ou- 
as to become exploiiTe." 
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gas-jets, ao tbat more gaa is cmisumed wthiia a given ,i^aee 
than in tlie -OFdinwf maimeF. ■. 

Bufc.'w]^ ia more eonsamed -aithin fMs Qtoen ^aee?- 
Sokdj* IteeoiUBfl moie oapabiliiT' for mkbirs ia affQcdecl, and. 
a greater muaber of itocesedble poiats oE miia/rt obtained^ 
arisii^ out «f this serira of jedn. ^Tliis moj be aeea in Fig. 
13, where ihe inner sorfacea, a are shoim in addition .to 
oater onea h h. 

" If the aperfcnie," he observea, " by whieh air is adoiitted 
into the interior of the flame he closed, the flame immediatelj 
asaumea the &rm shown in Pig. 14 ; pai-t of the supply of 
air being thus cut off, it extends farther iuto the air b^ore 
it meets with the oxygen necessary for its comhustion." 

Here WD trace the leTigth of the flame to the diminished 
rate of mixing imd combustion, occasioned by the 'waat of 
adequate access, within any giren time, between the gas aad- 
the air, jmtil too late — until the ascending current has 
cmied them beyond the temperature required for chemical 
action ; the carbonaceous constituent then losing ita gaseous 
character, assuming its former colour and state of a black 
pulverulent body, and becoming true smoke. 

In looking for a remedy for the evils arising out of the 
hurried state of things Trbich the interior of a fiunace 
naturally presents, and obserring the meai^ by which the 
gaa is efiectually consumed in the Argand lamp, it seemed, 
manifest, that, if the gas in the furnace could be presented, 
by means of Jets, to an iider[ua,te quantity of air, as it is in 
the lamp, the result would be the same. The difilculty of 
efiecting a similiir distribution of the gas in the furnace, by 
means of jets, liowever, seemed insurmountable : one alter- 
natire alone remained, uauiclv, that, since the gas could not 
he introduced by jots iuto the body of aii", the air might he 
introduced hy jets into tlie lody of gas. 

This, then, ia the means which I adopt, and by which I 
effect a complete combustion of the gases in the furnace, as 
we do in the lamp. Froferaor Braude has so clearly de- 
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scribed the ope^ou of the jet ihab I araU myself «f bis 
remarks in elucidation of the reBolb ^rodaoed try a jet of air 
into a body of gas, and tbe analogy it bmrs to -that of a jet 

of gas into a body of air.* . 

This process meets tbe entire difficulties of the ease ns to 
tune, current, temperature, and quantity. By this means 
the process of diffusion is hastened without the injurious 
effect of cooling : and which always takes place when the air 
18 introduced by large orifices. 

The difference, tlien. between the application of air by 
means of ihe jec. and that of the ordinary action of the 
atmosphere, consists m tho increased surface it presents for 
mutual contact in any given umt of time. Let Fig. 15 
represent the section of a candle and Pig. 16 that of a 
diffusion jet. In the former, the gas in the centre meets 
the air on the extenor. In tbe latter, the tas in the ^^lare, 

" " EMh Jet of air irlucb yon adnut becomes, as it vere. the source or 
c^u% 01 a sepataig umus, aua iu6 eiieci is u^jicli; tiiA^b ui so uxonj jets of 
inflammable or coal-gaa igiiited in the air ; oalj, in your furnace, jou 
invert tliia ordinary state of things, and use a jot of air thrown into an 
atmi^splierc of inllnmmiible gas, thus making an experiment upon H large 
aci! praolic.-I, I liare often made on a Email and thsoratical BBtls, ia 

illustiiLLioiL of tilt' iiiacciirjinj of the common terms of 'conHnuUbk' Bnd 
'sujiportei' of comhaslion,' as ordinorilf applied, 

" I £11 a bladder vith coal-ga^ and attach to it a jet, by ^100)1 I bun 
ft flame of tiiMt gaa fai w aitonstdiere oic a bell-|^[aai filled ^th, ai^gpa; 
of ooom ilie gas bnntB briUionUy, and ire call the tibe combnsdUc^ wd 
the oxygen the supporter of combnatlon. If I now inrert this common 
order of things, acd £11 the bladder with oxygen and the bell-glaBa' 
with coal-gas, J find, that t^e jet of oxygen may be inflamed in the 
atmosphere of coal-gaa with exactly the same general phenomena as when 
the jet of ooal-gaa is inflamed in the ntmosphere of oxygm. This ia pre- 
ciae1<r yooT process. Ton admit a number of jets of air into a heated, 
infiammable atmoapbere, and no attjun its combustion in such a t^y as to 
produce a great increase of Jbea^ and, aa a necessary -consequence, destroy 
tbe srooke. Ton, in' &at, oonrert vbat ia commonly called molce into' 
Aiel, at ihe <wie'U%en aad ^ast vlUre Qih eombiuiljan can be most 
t^K&ralj brought about"— iVo/estor Sra/ide's Later to &e Avthar. 
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iesuing into the atiuoaphere of gas, enlarges its own area 
for contact mechanically, and consequently, its increased 
measure of combuation. 



Eg. 15. Fig. ic. 




Thus we see, that the value of the jet arises from the 
circTimstance of its creating, for it»elf, a larger surface for 
contact, by which a greater number of elementary atoms of 
the combustible and the supporter gun access to each other 
in any given time. 

Turn the matter, then, as we may, the question of perfect 
or imperfect combustion, as far as human means are to be 
applied,''is one regarding the air, rather than the comiusObliB 
— the mode in which it may be introduced, rather than the 
fpumiitiet supplied — the contact of afomt rather than of 
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Before concluding this notice on the made of effecting the 
combustion of tlie inflammable gases, it will be right to say 
a few worda ou some of tbose recommended by others; 
namely, such as are founded on the erroneous idea, which 
appears to liave laid hold of the minds of so many inventors 
of late years, that the gases are consumable by being brought 
into contact with a body of "ghieiag iacandeseent Juel" 
This vill l>e inciiiued into more in detail wlien we come to 
examine the vmioiis pUos of "amoke-bumiag" fuinaceB 
and boilers. 

This enoneoDfi notitm of the m^poaed combuation of the 
gases (or smoke), by bringing them into contact witli a 
maas oif "g^wiog coala," appears to have originated vith 
Watt; and, having been adopted by Tredgold and others, 
has since passed into a recognised principle. It appears 
strange, that, while so many hare taken this as their text, 
or adopted it be their starting-point, none of these inventors 
have examinedi or even doubted, its cOrrectneBS. Tet any 
chemical work of authority would have informed them of 
the well-established fact, that decomposition, not combustion^ 
is the result of a high temperature applied to the hydro- 
carbon gases — that no possible degree of heat can consume 
carbon — and that its combustion is merely produced by, and 
is, in fact, its union with, oxygen, which latter, however, 
they take little care to provide. 

It is the palpable oversight of this distinction that has led 
to that manifest chemical blunder — the supposing that the 
coal-gas in "a furnace is to bo burned by the act of bringing 
it into contact with bodies at a high temperature ; or, in the 
words of the patentees, by " causing it to pass througi, overt 
or anong a body of hot, glowing coals." Indeed, these 
words of Watt, "thiongh, over, or among," have led more 
meA astray, and have occasioned more waate of money, loss 
of time, and misapplication of talent than almost any other - 
flalse light of the day. 

Bat, I have sud, this erroneous view of the combustion 
0 S 
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of the gases began with "Watt. Hia patent of 1785 fullj* 
justifies this assertion* In hia specification, after reiterating 
the injunction, that " the smolte or flame is to yiisd over or 
through the coked or charred part of the fuel," he sums up 
in these vords : " Lastly, my inventioii consists in the 
method of consuming the smoke and ineretmng the ieat Jy 
causing the smoke and flame of fresh fuel io pass UroagH 
very hot funnels or pipes, or among, through, or near fiiel 
which is intensehf hot, and which Jtas ceased io smoke : " and 
then follovB that part of his instructioiu which his aucceaaotv 
hare bo etnngd/ n^efited, ''and 1^ mixing it viHh Ji^A 
mr, mhea. in &eBe mcamlaatie^" 

is dear, 'Wait had a xigfat cooception the neceno^ 
finr n^xiBg air with, the gas. His eitorli^mihe extent to 
vhich he considered i^e ^plication of heat euential to its' 
combustion. Hia followers and commeatators have neglected 
that part of hia instructions in which he was right — the 
" mixing with fresh air;" and have fixed their minds on that 
in irbieh he was wrong — the bringing the gas or emoka 

• Watt's patent, of 1785 (see Ilepei-tory of Arts, vol. iv., p. S2G), con- 
fiists "in causing the smike or flame uf tlie frcah fiiel to pass, togctlier with 
a current of frcsli air, ttirougli, nvei, or among fuel wliicli has ceased to 
smoke, or which is conrcrtpd into coke, charcoal, or cinderB, and which is 
intensely liot, hj which the smoke or grosser parts of the flame, by coming 
close into contact ivith, or by heiug lirought near unto, Ute taid ioteusd;: 
hot fuel, and by bebg mixed with t!ie current of haU or uuhurnt air, are 
coLsnmed or converted into heat, or into ]mro flame, free from smolie. I 
put this in practice by constructing the firo-piace in such a manner that tlio 
fiame anil the air which animates the fire must pass down\val'd:^, or 
laterally, or horizontoliy tJiroiigh the laming fuel. In some cases, after 
the fliune haa passed through the burning fuel, I cause it to pass through 
a very hot funnel, flue, or oven, before it eomes to the bottom of the boiler, 
by whicli means iJie smoke is siill more effcctuatly consnnxtd" Kegledang 
the Boond, and adopting the uusounii part of Watt's specification, several 
patents have, of late years*, been taken out in ttie very words of tin; above. 
In one of these, by means of double furnaces, one above the other, the gas 
generated in the upper one is actualiy forced or drawn down by artifieaal 
ennaitB thnnigh the ignited fael in the lover one. 
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"through, over, or among intensely hot fuel." So much, 
indeed, was Watt impressed with the importance of intense 
heat, that he actually provides hoth for the "fresh air" and 
the gat passing through the hot fuel on the bars ; orerlookbig 
the faxAa, that^ in that event, the air would no longer remun 
pmv; and that no heat to 'which he could introduce the air 
or smoke could egual that created in the &mace by the 
very act of union between the air and the gas; bntwlncli 
he erroneously imagines can be aided by the heat of the 
" charred part of the fuel." 

Thus, we see the very words of Watt, where he was in 
error, have been adopted to express the main, and, in many 
instances, the only feature of these smoke-buming patents ; 
while the judicious part of his inalaractaons has been unac- 
countably omitted. 

I need only say, chemistry has since taught that the 
whole process is isjuriouB ; and that, if the introduction of 
the air be properly managed, the necessary heat for effecting 
eondnation Trill never be wanting io the fiimace, 
'. Sllie ^ntere ^ennnoi^tion, then, of a plan for " consuming 
smoke" is primA faoia evidence .that the inventor has not 
ititffioisii^ oenfiidaed tbe '^uljeet in Ut tihemiet^ relaHont. 
Ohemials can andentand tf.plmt.fbr the prwealion of smoker 
but as'to.its amAu^iM, it is ao unsciraiaficv- not to s^y 
impossibte, thBb>saeh plonaeek^ should be avoided. 3!he 
popular '.and ftcaXTentional phsffie, "a fomace boming its 
own'SDHd^V' ii»y be alloved as conreying an intdligible 
UfiBDUigf bui^ in -a BoiEodafio woi^ or from one professing 
ta.tea^ those. who. aiimot'dietingQish for tbemselvea, and 
idui may tbns be led ns&a raror, it is wholly objectionable. 
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SECOND PART. 
CHAPTER I. 

OP IfflE PBINCIPLBa OK WHICH B0ILEB8 AND THSCB 

FCTHNACES HATE HITHEIITO BEES COfSlaUOTED. 

Hatisq, in the preceding part of this Treatiae, examined 
the aubjcct in reference to its chemical relatioiiB, we hare 
non-, in this second pari;, to ctmsider its appltoatdon prae- 
ticalhf, in the conBtmction of steam-boil^ and fbeir 

furaaces. 

It will not be disputed, that before we are in a positiou 
to decide on the necessary proportions of any vessel, we 
should first understand the purposes to which it is destined. 
Hitherto, although the combnation of bitommous coal is 
admitted to be of the most complex character, nerettheless, 
in apportioning the several parts of furnaces in which those 
operations are to be conducted, the slide-rule has too often 
been allowed to supersede tlie rule of chemical equivalents. 

Until 1841, there was no published work in which the 
combustion of coal, on the scale of the furnace, was treated 
with reference to its diyision iuto the gaseous and solid 
states, and the requirements peculiar to each. The only 
■consideration appeared to be, the giving the coal a free 
supply of atmospheric air," Watt, and others since his 
time, hare acknowledged the practical difficulty of so intro- 
ducing the air as to effect perfect combustion ; still, no 
consideration baa been given to the necessity of providing 
separate supplies to the constitaenta of the coal, in their 
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separate states. In laboratory practice (by wMcli we must 
submit' to be instructed) nothing would be considered more 
anomalouB, or even absurd, than dealing with any bodies iu 
nature without giving attention to the nature of their 
constituent parts respectiTely ; nevertheleas, we afiect to 
eeonomise fuel, and produce its perfect combustion, yet give 
attention, exclusively, to the several parts of the boiler in 
their met? mechanical proportions. Mechanical details, Iiow- 
ever, must yield to those of chemistry. 

While the enlightened mind of .Watt was directed to the 
employment of Steam as a mechanical agent, in the develop- 
ment of power, we see him tdeo studying the plienootena of 
nstore in the generation and implication of heat^ concur^ 
rontiy with those mechanical ammgementa, by which it was 
to. be made practically available. Instead of limiting his 
views to mere jiroportions, he regarded them only as they 
were — subservieut to seientiflc considerations. He went 
elaborately into all that belonged to the character and 
constituents of solid, Suid, and gaseous matter, as far as the 
very limited chemical knowledge of the time admitted j and 
it was in the course of these scientific researches that he 
became the true discoverer of the constituents of water. 
He examined the laws which governed its temperature and 
volume; its expansive force as steam; and the measure of 
that heat which was again to be surrendered uniler the 
process of condensation. In everything we lind hia compre- 
hencdve mind keeping scientific inquiries, and mechanical 
appliances in view. Here, then, we have a sound wd 
praotical course suggested, and under "which alone we may 
hope to bring Oar labours to a successftd issue. 

The inquiry before na cannot be confined to a mere com* 
parison of the several description of boilers, mechanically 
considered. The merits on which, respectively, they rest 
their claims, must he examined with reference to other 
data, viz., their relation to the perfect combustion of the 
fuel employed— the gen^nting the lai:geBt measure of heat 
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— and so applying it aa to produce the largest volume of 
steam. Apart from tliese considerations, indeed, there is 
little scope for inquiry. All boilers haye their furnacea 
and grate-bars, on -which the fuel is placed ; their flues, or 
tabes through which the flame or gaseous products have to* 
psSB; and the chimney by which those products Vice to be 
CBzrisd Bway, and ihe jteces&ary draught obtained. 

Hitherto, those -who have made boUer-making a Beparote 
branch of manufactnin, hare given too much attention to 
mere relative ^oportiom. One class place eelianoe on 
enlai^ad grate na&ce; another, on large abawHng but- 
&cesi while a tiiird demsnd, as the grand panaoea, "loHer 
room emugh," ^Htboat, bowerer, 

means. Ainong modem trea^Bes on Bmlers, this pnnjoi^ 
of room enough aeeme to have absorbed all other con- 
siderations, and the requisites, in general, tenns, are tlniB 
summed up : 

lat. Sufficient amount of internal heating surface ; 

2nd. SufBcieutly room;- furnace ; . 

3rd. Sufficient air-space between the bars ; 

4th. Sufficient area in the tubes or flues ; and 

6th, Sufficiently large fire-bar surface. 

In simpler terms, these amount to the tnueui — give 
Buffioient size to all the parts, and thus avoid being deficient 
manj. 

So giavely is this question of relative proportitnis insisted 
on, that we And many treaiaaes on the use of Coal, and ilie 
eonetruction of Boilers, laying -down -iul« -vi& maAte- 
mattcal precision, giving ppedae £>smnfaB' fi» .tfaeir calm- 
latious; and eren affeotdng to.defc«3Bg3W thewoifcingpcnreT 
of a steam-en^e, by a me» Teferenee to the siie of -tiie ' 
fire-grate, and t^e intenstl areaswidBiii&eesof tiho'bdlm. 
Yet, durii^ this i^arent Boaroh i^ter certainty, omittiii^ 
all inquiry reBpecting the preceaseB or c^erstiona te bo 
carried on within tbem. 

Amoi^ those in -which -the 'sid^eot has heen treated in 
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the most detailed manner, it Trill be sufEcient to refer to 
fclie work of Dr. Larduer, ivliose illustrations as a popular 
writer have peculiar iiiorit. and Trhose statcincjitd may be 
considered as a summarv of tlie practice wliicli geBerally 
prevaiis. In his work on " Tho Stcani-Engiuc," while* 
commenting on "ihe wani of general principles," he falls, 
unconseioiisly, into neglect of the very principles on which 
alone the inquiry should be based. Calling them principles, 
lia lays down a series of rules, or data, which refer, exclu- 
BiTely, to mechaniceU proporiions; but which fumi^ no 
guide to -the inrolred oprasiians to be efibcted by their 
Bteane. His rules iat the conBtrucfcion-of Boilers are thus 
dogmatically laid down. 

For every oiUne Jbot ^ wafer to be evKpoeated ^ 2o»r,- 
aSerr— one Bqoaie-foot of grste-bar; one eqoare-yard of 
hdstang surface ; ten cubic feet of water-Bpace £re square- . 
feet of -watsr-Burfaoe ; ten cubic feet of steam-Bpace. 

Here we have all the proportions laid down and equai-ed, 
according to rule, as if it were the proportions of a building 
that Trere uml(?r consideration, ratlicr than of vessels, in 
which complicated chemical processes were to be conducted. 
Theee rules, however, will ijot teach ua how best to effect 
the combuBtion of any given weight of fuel, or increase 
the generation, transmission, or absorption, of any given 
q^aautity of heat. "We have here laid down a scale of 
internal proportions, but no clue to that of the heat 
generstive effect of a square-foot of grate-bar, or the heat 
tiaiismitting power of a square-yard on internal surface. 

It may, indeed, be asked, what relation *a square-foot of 
grate-bar can have to a cubic-foot of water ; or to any given 
veiglit of foel ? We know that under ^ifibrent ciroum- 
BtanceB, treble, or quadruple the ' amount of these proper* 
tioDS may be beneficially, or injuriously, found in practice ; 
and that even double the weight of fuel may be more 
fidvsDtageously consumed, on a given area of grate-bars, ia 
one dasB of boUec»tbim ooold be effected in mother. 
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In tmf^, the veighi; of fuel to be consumbd lias no 
legitimate relation to the space on wliich it may be laid, and 
depends on other considerations, viz., on the quantity of air 
pasaing through it, the time employed, and the weight of 
^ oxygen taken up by the several constitucjita of the fuel 
respectively. 

Again, it may be asked, what relation a square-yard of 
heating surface has to the transmiaBion of any giveoi 
quantity of heat, 01 the g^ieration of any ^ven quantity of 

steam ? 

It is strange that so aetute an observer (for Dr. Lardner 
doea not affect to be an authority), should have omitted all 
reference to those proeessea and tests, by which alone a 
correct estimate could be made of the effective valoe, 
chemically or commercially, of any one of the proportions 
he boa given ; or the relation they bear to the functions of 
the furnaces or fines of a boiler. He has given no clue to 
the temperalure produced in any part ; yet temperatuxe is 
the very element and measure of efficiency. His calcnlac 
Uooa, in &et, have no value except on the aastuned, but 
utterly erroneous data, that each square-foot of hai^sur&ce 
was equivalent to the perfect combustion of a given weight 
of fuel, aud the generation of a given quantity of lient in a 
given titnej and that every square-yard of internal surface 
must, necessarily, be brought into action, and received as 
equivalent to the transmission of a given quantity of heat. 
He has also omitted reference to the influence which internal 
areas have on the circulation of the water, and tbo relative 
volumes of air to be supplied, or of gas generated, con- 
sumed, or wasted. Now, the magnitudes and quwtities 
which here really require to be calculated are ehemeal, not 
mathematieal. They are not those of flue-Burfaees, or grafco- 
bars, but of the bodies to be introduced to them, the 
quantities in which they respectively combine, and the 
heat evolved, applied, or lost. If these quantities can be 
ezpreeaed in the terms of an equation, let it be given. It 



Digilized by Coogle 



An) TEE FBETEITTIOIT OF SMOEi:. 41 

cannot fail of being UBeful, at least in one respect. It will 
enable the boiler-maker to appreciate the small degree of 
confidence to wbich these theories are entitled. 

In a modem treatise on the construction and proportions 
of Bteam-boilers, ve find the slide-rule endowed with exbrai- 
oxAhaej' properties. In iUtutxatioii of the utter inapplica- 
Inlity of such a mode of proceeding, let ns but imagine 
ProfesBorB Bzande or Faraday desiioos of prodnrang, on a 
largo wtie, carbonic acid and water. What would be their 
reply, if advised that a practical boiler-maker was the 
person best qualified to instruct them as to the relative 
areas and proportions of the vessels to be employed, and 
that the slide-rule would save them much trouble, inasmuch 
as it would supply the true principle which should govern 
those proportions P Yet these proeessea are identically 
those which are carried on by the combustion of coal in our 
furnaces. When, therefore, we see the attention of the 
practical boiler-maker thus directed to mere mechanical 
data, can we be surprised that the chemistry of combustion 
lias been virtually ignored, and made to give way to calcu- 
lations drawn &om the slide-rulef 

Setting aside these puerilibieB, the inquiry must be 
directed not to the sevOTal parts of a Boiler, but to the 
pufpenea and J^nationa &a which each part is to be eon- 
BtTueted. Livettigations conducted in this spirit, and with 
the aid which the ^e, the pyrometer, and the thermometer 
enpply, would soon indicate, not only what should be done, 
but what should be avoided ; and show that what was well 
adapted to one class of boilers or furnaces, or one descrip- 
tion of fuel, might chemically, practically, and economically, 
be the reverse as regarded other daases. 
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CHAPTER II. 

QI TUB PUKNACE, A^D lilf. liELATIOS ■\VniCH ITS 8EVEEAL 
PiBTB BEAB TO THE Ol'EEATIOSS CABEIED OS ■WITKIN IT. 

Jx eoQsidBriiig the fiimaoe and its c^pendAgeB, it will be 
necesaaxT' to dietingmsh lihe fuDstiQiis of eacK part separately, 
to KToid attaching dnti^, or attetbuting MUire, to any one 
i^iixem, for which mofchsr should be aoeoiiniable. 

In the otHnbustioa of bitnnunooB cool we have seen thsre. 
are two dirtinct hodiea to be dealt with, the one a toUd, the 
other a gasaous body, tbeae necesauily reqniriog di^iinet 
processes. 

On a charge of coal being thrown into a furnace, the heat 
by which the distiUatory, or gas-generating process is 
eEEected, is derived from the remaining portion of the previl>ut 
tilmrge, then in an ineandeseent state on tbe hars. This 
process corresponds with what takes place in the gas works, 
where the coal itisiie the retorts is acted on by the incan- 
descent fuel imttide of thun. This denumd for heat in the 
fiimace is, however, confined to the conunencement of tihe 
opMation with eaelLdiarge. The heat zequired for contioufii 
ffat^acikm is, or (mght to be, .obtained ebieflyfiKHa ihafiame 
ittelf: as in the case a candle, where the gaai&ction tX. 
the tallow in the wide is derived £rom iTu "ktai ofUt own 
fiame. This opeantion showa the importance of sOBtainiog 
a sufficient body of incandescent fuel on the bars ; and in 
particular, when a fresh charge is about to be thrown in. 
Allowing the firo to run too lo^', before a fresh charge, must 
be attended with tbe Bi.me injurious offccta as allowing the 
heat which surrounds the retorts to fall below what would 
be required for the continuous and uninterrupted generation 
of gas after they are recharged ; — namely, loss of time and 
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ifttfy; the object being, in "both cases, to obtain the greatest 
quantity of gaa from a given ireigbt of coal, in a given time. 

With BSfecence to the proportions of the several parts of 
a {nmace, ve haTs two points requiring attention ; first, the 
tvpe^eialareaofihe grate, for the retaining the eolid fuel or 
ocika; BOd, aeecotci, the seeHondl wrao tf ^ chaa^ dime 
ihe^tel, for reeaTing tiie gaseous portion of the coal. 

.-Jui to the area of the grate-hars, seeing that it is a aoUi 
"bo^ i^ai is to be laid on tbem, requiriiig no more space: 
than it actually covers at a given depth, it is alone important 
that it be not too large. On the other hand, as to the area 
of the chancer above the coal, seeng that it is to be occu- 
pied by a gaseous 'body, requiring room for ita rapidly 
enlarging Tolume, it is important that it be not too small- 
With reference to the areas of the other parts of the boiler, 
it is manifestly impossible, a priori, or vrith any pretensions 
to COTrectness, to lay down specific rul^, since the weight of 
tad that may be placed, or consumed, on any square foot of 
Buch surface, must depend on numerous other contingencies. 
Indeed, to lay down any inflexible rule of proportions would 
he as -inappropriate as to impose on the chemist certain 
mathematical fcvmule for the shapes or oi^adtieB of the* 
18881^ emplojfld in the laboiatpiy. So soon aa ^ &afc 
belong to the intntdueiitm of air to Me too di^mot lodies to 
he constmed (the gas and the coke,) shall have become, 
systematised in practice, the supposed . diffiMilties in the 
apportioning of Bizes and areas .will Tanisfa, and the efiectingr 
perfect combustion in the fumaee will become ,aB much & 
matter of course as it now is in our gas bitmert. ^ ioDg, 
however, as beginning at the wrong end of the question, we 
attempt determining the proportions of the several parts of 
the vessels to be emjiioyed, before loc have considered ioliat 
is to be done wilMn them, we must continue in our present 
state of uncertainty. 

As to the best proportion for the grate, this will be the 
easiest of adjustment, as a little observation will soon enable 
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the engineer to determine the extent to which he may 
increase, or diminiik, the length of the furnace. In this 
respect, the great desideratum consists in confining that 
length within such limits that it shall, at all timee, he toell 
md uniform^ covered. ThU it the absolute condition, and 
tine ^u^ non economy and ^dencjfi jet it ia tiie very 
condition which, ut ^00^, is the most neglected. Indeed, 
&SB ftilure and oucertaintf vluoh has attended many 
' anziond.y conducted experiments has moat frequently arisen 
&om the neglect of this one condilaon. 

J£ the grate-bars be not equally and well corered, tbe air 
will enter in irregular and rapid streams or masBea, thiong^ 
the uncovered parts, and at the very time when it should be 
there most restricted. Such a state of things at once bida 
defiance to all regulation or control. UTow, on ihe control 
of the supply of air depends all that human skill eon do in 
effecting perfect combustion and economy; and, until the 
supply of fuel and the quantity on the bars be regulated, it 
will be impossible to control the admission of the air.* 

On this head, it is of erery day occurrence that complaints 
are made of the introduction of the air being attended with 
decreased evaporation, or increased consumption of fuel. 
The complunants, howerer, should understand that, they are 
thems^Tes the direct cause of these effects, and by mere 
inattenHon to the state qf the fitmaees. They oretlook the 
&ot, that while they ate complaining of the e&cta prodoeed 
by tbe introduction of ceitun Um^ ftuaadties (if air in the 
right place, they allow their firemen to leave much of the 
Aimace-giate unoorered; thos a&rding the shortest and 
hottest possible route for ihe introdtmtion, perhaps, of 
doable the volome that could possibly be required. 

Of the great waste of heat and the c<mseqaent Tedoctaon 

* This necessarily etiggests the importance of flKding Uie foimoa by 
mechanical means. Here, then, ia a, legitimate direetion for the iBgondty 
of patentees. The priaciples on whioh a meobMUOal feeder ahonld be 
Itased -will be hereafter con^deted. 



■3 9S 



7W 



■S J 

3" 



Digilized by Google 



45 



■f temperature in the flues, arising irom the single circum- 
■tance of aUomng tlie incandeacent fuel, towards the end of 
.lie cliai^, to run too hw, or be inegalaTly distributed, the 
•jqpeiiment of Kr. EooldBworth, as Bhewn in the anneoced 
diagram, is highlj instroctdTe, and merits the most attenliTe 
tvmsideration. This experiment vas made expressly for the 
British AsBOciation assembled at Manchester, in 1842. 
(See plate 1.) 

By this diagram, it will be seen that on a charge of 3 cwt. 
of coal being thrown on the furnace, the temperature in the 
flue (as indicated by the pyrometer) rose, in 25 minutes, 
from 750° to 1220", when it began to fall, and descended to 
1040°, the fuel not having been disturbed during 75 minutes. 
At this stage, however, a remarkable change took place. 
Perceiving the temperature in the flue to have become ao 
low, Mr. Houldaworth had " the fuel levelled," that is, had 
it more equally distributed, and the vacant spaces covered. 
The effect was (as shewn in the diagram) the sudden rise in 
the temperature from 1040° to 1150°, at which it continued 
diuing ten minutes, vhen it giaduallj fell to 850°. 

The upper line of the diagram r^resMite range of tem- 
perature, air being admitted. 

The lover line of the same represents range of tempera- 
ture, air being included, common plan. 

Two impcarfcant ciuestions are here raised, yiz., Why- 
did the temperature in the flue Ml, after 25 minutes, 
from 1220° to 1040°? and why did it suddenly rise to 
1150° ? — nothing wTiafever having been done, with the excep- 
tion of this one movement, iJie having " the fuel levelled." 
This movement, however, is the key to the whole, — an 
increase of temperature of no less than 110° being thus 
obtained in the short space of 2j minutes, not by any addi- 
tion of fuel, or mere rapid combustion, but merely as the 
result of baring " the fiiel levelled." The causes of these 
remarkable alterations of temperature then were, ^st, the 
admiraion of an exeat cf air in irregular and uncontrolled 
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quantities through the uncovered portion of tlie bars ; — and, 
second, the mere check put to that evil by their being more 
equally covered with the fuel.* 

• Aa tho uso of the pyrometor is of the highest importance, not merely 
or experimental pnrposeB, but for all boilers, and for general nso, when- 
ever it can be introdueed, the simple hufc valuaWa inBtrument which la 
■nsed hy Mr, Houldsworth, and by which he obtained the above refiulta, is 
here given from an interesting paper on '"Tho Conaumptioa of Fnol and 
-the Prevention of Smoke," read before the British AasociatioQ by WiUiajn 
Fairbum, Esq., C.E., F.R.3. 

" For these eiperiments wa are indebteii to Mr. Henry Houldaworth, of 
ilanchester ; and, having been preseat nt several of the exporimeatB, I con 
vouch for the aecnraoy irith which they were condacteil, and for the very 
satisfactory and important results deduced therefrom. 

"In giving an accuuut of Jfr. Houldaworth's experiments, it will be 
necessary to describe the instrument by which they were made, and also 
to show the methods adopted for indicating the temperature, and the 
changes Tchich take place in the sun-oundiog fines. 



Pthoheteb. 
FJg. 18. 




"The apporatns consists of a simple pyrometer, with a amall bar at 
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If; is here to be obeerved tbat wben a charge is nearly 
exhausted; or begins to bttm in holea, the evil iucreosea 
itKlf by tha accelerated rapidiiy -with whioh the tar onlai^ea 

-Qopper ot iron (o in tie prc^ioiis eketcL) fixeil at the estreme end of Uie 
tidier, and projeoting tbrougli tlie brick-work in front, vliere it is jointed to 
tbe arm of an index lever b, to which it gives motion when it expanda or 
omtrMts the heat of the flue, 

"^e inatmmeDt being thus prepared, and the bar supported iron 
pegB driven into the wde walls of the ftne, the lover {which is kept tight 
upon the har at the point e by meana of a mnall weight over the pulley at 
d) ia attached, and motion ensues. The long arm of the lever at d gives 
motion to the sliding rod and pencil /, and by thna presabg on the peri- 
phery of & slowlj revolving cylinder, a line is inscribed corresponding with 
the meesDreimatB of Ihd long arm of the lever, and indicating the Tariable 
df^rees of tempsnvtnie hy the ezpamdon and contraction of the bar. Upca 
the cylinder is fixed a sheet of paper, on which a daily record of the tem- 
peratore becomes inscribed and on which ate exhibited the change as well 
as the intensity of heat in the Hues at every moment of time. In using this 
instrument it has been usual to fix it at the medium temperature of 1000°, 
which, it will be ohserred, is an asEtomed degree of the intensity of heat, 
but a auffi(^ently neu approximation to the actual temperature for the 
purpose of amiertainmg the variaUons whieli take place in ail ike ilifercni 
itagei of eombiuluyn comeqaetti upon the acl» of daring, Uimnff, aiid 

Mr, Pakbom tiien f^wea two mtemling diafnana ezempli^^ ^e 
result of exjienmentB mado by the ud of the i^fnoneter, and oen- 

" On a careful examination of the diagrams, it will be found that the 
first was traced without any admixture of air except that taken through the 
grate-bars ; the other waa inscribed with an opening for the admission of 
air through a dtffiiging plate behind the bridge, as recommended by Mr. C. 
W. ^miiams. The latter, No. II., presents very different figures : the 
manmnra and minnniiiB pt^ts of temperature being much wider apart in 
the tme tliaiithe other, aa also the flnctoatiDiiB which indicate a much 
higher tempantuic^ nuebiitf u high as liOO*, and seldom desoending 
lower than 1000°, giringthe mean of ^60^ 

" Now, on comparing No. II. with No. I,, where no wr ia admitted, it 
will be found that the whole of the tracings exhibit a descending tempera- 
ture, seldom rising above HOC and often descending below 900°, the mean 
of which ia 975°. This depression indicates a defective etate in the pxxeee, 
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the orifices it has thus made for ita own admiBsion, csosiag 
a Btill more rapid combustion of the fuel around the unco- 
Tered parts, and at the very time when these orifices should' 
hare been closed. 

Had it been possible, in Mr. Houldsworth'a experiment, 
to bare preserred the fuel continuoTtsi7, and mijbm^ 
tpread, throughout the chaise of 100 minutea, ihe du^frain 
would have indicated a more uniform line of tempeiatare, 
as maried hy the dotted line, and, consequeiitly, have pro- 
duced a higher average range of heat in the flue. 

M. Peclet,* in his elaborate work, appears to hare given 

and althoDgh a greater qnantitj of coal was conmuned (2000 lbs. in S9S 
miiuites in the No. II. ezpeiiniait, and IS^Olbe. in 406 nunntM in 
No. L,) yet the disparity k too great vben the dUerence of tempen- 
tnre and loss of heat are taken into conaideni'tion. As a further proof 
of the imperfeotions of No. I. diagram, it ia only necewary to eoin- 
pare the quantities of irater ersporated in each, in order to ascert^ 
the difieren<!e, where in No. I. experiment 5*0S lbs. of water ate evapo- 
rated to the ponod of coal, and in No. II. one-half more, or 7'71bs. is 
the reaalt. 

' ' Mr. Honldaworth estimates the advantages gained l)y the admission of 
air (when properly isolated) at 86 per cent., and when passed through a 
fixed aperture of square inohea, at 84 per cent. This Is a near approxi- 
nalaanto the mean of fire experimental wki^ according to the preceding 
table, gives 33} per cfflit., irhich probably approaehes as near the roaximmn 
as can be expected under all the changes and vidBsttudes %Fhich take place 
in general practice." 

Here are praoticat reanlts from onexceptionable quarters, and although 
they have been bo many years before the pnbKc, nevorthelesB, smoke burn- 
ing observations aud hot air fiillacies continue to be listened to, and dearly 
paid for. 

* " To produce a good and nsefiil eflect, fomaces should, at all times, 
bum the same qnanti^ of Aid, tdnoe tlie Tariataons in the conBninptaon, caused 

the UK of dan^ei^ Thiab cannot be made to £>llaT the TKriations At the 
lltobMM of the hed of fad, alwajrs catise the passage of a large volnme 

of (ur that would be unnecessary for combustion." 

Again he obaervea, — "I am convinced, that in a great number of aleam- 
boilers, more than a third of the heat is lost, principally by the introdnc- 
tion of too great nn excess of air. It is evident, that to tliis circam stance 
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Bracli attention to the neoeseity of liaving the fuel on the 
bars at all times, in Hie most nniform state, and thus 
avoiding an;^ irregular or excessive local admission of air. 

Wibh reference to the'rate of combustion, and the weight 
of fuel to be laid on each square foot of bar-surface, this 
continues to be a debated point. Jlr. Craddock, in a late 
publication (0« the Ohemistrij of the Steam Engine, Fracti- 
cally Considered), observes :—" There would be no great 
difference ia the Etenm-gencrating efficiency of a largo 
grate-surface and a slow draught, or a small grate-surface 
and a very quick draught, as in our present locomotives," 

No correct inference, however, can be drawn from this 
statement, as he has omitted to explain what is meant by 
the term "effieienci/'' "Whether it has reference to the^e? 
employed, or the time employed : — to the weight qf water 
emporated by a given weight of fuel, or the time occupied ia. 
prodncing 'that effect. Slmo combuaHon vrill be most 
^monacal as r^arda Mhe jitel emplojfed, aa in the Oomi^ 
boilers ; while ^uii^ eoti^nation irill be most so as regai^ 
ibe'imem^iMfed, as in the locmnotive and marine- hoUex. 
As the weiffht qf He water evaporated is in the one case 
over-rated, so the tivio employed is under-rated in the other. 
The mean between the two false estimates uill then be the 
true exponent of the relative commercial value of the two 
operations , 

The view of the subject, as stated by Mr. Craddock, is 
certainly not supported in practice. By spreading fuel over 
"a very large surface," the facilities are increased for the 
admission of a local and wasteful excess of air ia numerous 

may be attribnted tiie nngolar feet observed )-y m.inv Eiiginras, — that iu 
certain iocriptima of boileis, tbe effect produced bvtlic uur rice; which arc 
heated hj contact iritli the buntwr, (aa in the tubes) iu but one-third ptirt 
of that prodnced b; those surfaces which are heated by radiation, aa ia the 
fire-box or fnmace." — Traiii de la Ckaleurf contidtr&t dam tea AppUea- 
lion*, par E. Jfidel, Jwsptctoir Oeneral de VllniveriiU, itppligv^e am 
Art* i PEcole Centrale, die., Pans. 
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small, but aggregately large, quantities, the injurious effect 
of which in (lie flues cannot be too strongly enforced, as -n-aa 
so clearly demonstrated in the pyrometei- experiment of 
Mr. HoiUdaworth. 

It is true, by these mechanical contrivances, by which the 
fuel IB thinly And coutinuoualy spread over a large surface, 
there would be less tendency to the formation of dense 
smoke, because the quantily of air introduced over that 
extended surlace, being so much greater than is chemically 
required, the volume of fiame is considerably reduced, and, 
consequently, the volume of smoke.* W^e must not, how- 
ever, deceive ourselves in this matter. The avoidance of 
dense smoke by these means must be attended with the 
production of less available flame and heat, relatively with 
the area on whicli the fuel is spread, from the extended and 
attenuated temperature in the furnace chamber. 

Many trustworthy manufacturers, having tried the system 
of revolving grates, moving bars, and self-acting feeders, and 
having found them unaccompanied with tbo nuisance of 
smoke, are hence led to infer that they have produced perfect 
combustion of the fuel, and economy in its application, TJiia 
error will be commented on in the succeeding chapters. 
Without derc^ting from the mwit due to such inrentaons, 
mechamcolly and practically considered, it will, however, be 
found that these, and such appliances, are but expedients 
for avoiding the consequences of the flret error, namely, the 
neglect of supplyinij the gaseous products of the coal toiih its 

* A famillEu- illuatrfitloii of this ma; be seen in the flame of a candle. If 
we walk gentlj, carrjing a cnndle, the corrent of air induced by our 
motioQ coola the flame. Ihe spper pait then becomes red, and is eou- 
veited into a stream of smoke. IS, hoveTsr, we iralk tniskljr along, 
that elongaUd lurid flame becomes sndden]; short, dear, and witliont 
smoke. This ehange oiiseB from the great acoess of air to which the 
flame waa thm exposed. This is predaely the effect produced I7 in- 
troducing an ezcees of air through an extended, Intt thin, bodj of foeL 
CD the^bars. 
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proper ^ruanti^ of air in tie right way. In a word, having 
first made a aerioiis blnnder, endearonr to csenpe ita 
consequencea by ingeBious and eren costly contrivances, 
and actually bestow on them the merit of having rightly 
worked out the ends and proceasos of nature. Tet, with 
equal truth might wo dcsiguiitc the nostrumg of quacks as 
the true means of securing a liealtliy state of hody, while 
they were but bo many palliatives of the effect of previous or 
habitual errors. 

Having spoken of the grate-har surface, and what is 
placed on it, we have next to consider the chamber part of 
the furnace, and what is formed therein. In marine and 
cylindrical land boilers, this chamber is invariably made too 
slialhv) and too restricted. 

The proportions allowed are indeed so limited as to give 
it ratber tbe character of a large ii^e, whose only function 
sboold be, the aUowing the combuBtible gaaes to patt 
thrmgh it, rather than that of a ahanAer, in wbieb a seiies 
of consecutive chemical processes were to be conducted. 
Such furnaces, by their diminished areas, have also this 
injurious tendency, — that they increase the already too 
great rapidity of the current through them. The defect of 
insufficient capacity in the chamber o'f the furnace, above 
the fuel, will be best appreciated when we consider that in 
it the g;ises aiv? generated, — their constituents separated, — 
each l)roiiglit into contact with the oxygen of the air, — and, 
finally, their combustion effected. 

The constructing the furnace chamber so shallow, and 
with such inadequate capacity, appears to have arisen &om 
the idea, that the nearer the hody to be heated wasJirougbt 
to the source of heat, the greater would be the quantity 
received. This is no doubt true when we present a body to 
be heated in front of a fire. When, however, the approach 
of tbe colder body will bare the direct effect of interfering 
-witbi the proceBseB of nature (as in gaseous combustion), it 
mnst manifeBtly be injurious. Absolute eontaet with fiame 

n 2 
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Wlien, however, the object is merely to raise a body to a 
high temperature by local application, as when we heat a 
bar of iron in a forge, or a flame, and without reference to 
the quantity of heat produced and wasted; in such caaea, 
direct contact becomes necessary. So much, howereF, has 
the supposed value of near approach, and even impact, pre- 
vailed, that, we find the space behind the bridge, frequeatl/ 
made but a few inches deep, and bearing the orthodox ti^ 
of ike^ame bed,aa in Fig. 19. Sounder .viewfl, howcTer, 
have shown thai; it should have beea made capacieiu, and 
tite impaefcof- the flame avoided. This vrill be>enlaTg;ed on 
liweaftettv 

80 ]ittie"attenticai lus been given to this, parft-tof the 
subject, that we find the practice adopted in loeomoHee 
furnaces is directly at variance with that in marine and land 
ioilers. In marine iumacea, using bituminous coal, and 
where, for chemical reasons, large capacity in the chamber is 
an absolute essential, it is, nevertheless, made shallow, 
naiTOio, ami Jong. In locomotives, on the contrary, where no 
similar gaseous operations are carried on, the chamber 
(colled the fire box) is deep, wide, and short. Thus the 
former is deficient in the capacity which ia there an 
essential ; while the latter haa it in abundance, though not 
absolutely necessary. 

This anomaly is iUustrativo of the absence of due inquiry 
when the locomotive tvhuleue ^«2Mt 'Was.:imdvert4a^y- intro- 
duced into mansolioilevB, aavdll be shown hexeaAer." It is 

room betweea t^e grate and the copper nia7 be illustrated by a rer/ dmple 
«zperiment. If a small copper or porceliuu capsule, ooutaiuing water, be 
lield over the fiiune of a candle a little above its apex, the flame lyOt soffer 
no abat«iueDt of brightness or siie, but will contiane to keep the water 
briskly boiling. If the capsule be now lowered into the middle t{f Ike 
jlamc, this will immediately lose its brightneBs, bccamiug diill and smoky, 
coveriag the bottom of the oapsuls with soot ; and owing to the imperfbot 
combnstMii, thoQf^ the. water ia aovt nuxmudtd Iqr tlie flamc^. its elial- 
Jitirai will oeue." 
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here only necessary to add, that as bituminous coal cannot 
efficiently, or economically, be employed, except on the con- 
dition that the gaseous aa ^vell aa the Jlxed portion be 
supplied with the air necessary for combustion ; so it ia 
essential that adequate space, or area, be provided in the 
fmnace for the due performance of such duties. 

As a general rule, deduced from practice, it may be 
eiated, that the depth between the bars and the croivn 
of the furnace should not he less than 'two feet six 
inckea where the grate is but foor feet long ; increasing 
in the same ratio where the Iraigth is greater: and, 
secondly, that the depth below the bars ahoold not be less, 
altboQgli depth is not there so eBaential ather practically or 
ehemically. 



CHAPTEE in. 

OP THI IHIBaDVOHOK or THX AIB to THB COKB, OB 
. FIXED SOmnOK OZ THI COAL IS X TUSNAOE, PBA.a- 
TIOALLT OOirsmEBED. 

With reference to the volume of air required for the 
combustion of the coke of a ton weight of coal, independently 
of the ffas, there can be neither doubt nor di^Eeulty. There 
ia but ono body, or combustible to be dealt with, viz., the 
carbon : so tbere is but one supporter of combustion required 
— the ox^^m of the air. Any difficulty that may arise, there- 
for^ in practice, cannot be a chemicd on^ and must be the 
Tfflolfc of some impediment meobanically introduced. 

We hara seen that in combustion, atmospheric air is the 
busiest ingredi^t ; yet, it is ji^ the one to which, practi- 
eaV^, the least attention is given, either as to quantity or 
control. This snr^y is not in accordance with the scientific 
sMus of the age. Indeed, the practice of the present day 
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is in direct opposition to what science dictates; and may be 
compared to that of a chemist, who, though requiring precise 
proportions and equivalents, both in weight and volume, of 
two ingredients, for prodacang a given result, should never- 
theless be particular as to providing the one, bat regardless 
as to the otJier. 

Mr. Craddock, with the view of refuting the objections to 
the tubular boiler, observes, " If chemistry did not teacli ns 
that the rate of combustion produced in the furnac(^ is 
dependent on iJte quantity of air passing throvgU it, ev.vi- 
day's experience would soon convince us of this." Knw, 
chemistry certainly does not teach, nor does experience 
jnstify, any snch inference. 'What both teach is this, that 
combustion depends not on the quantity of air passing 
through it, but on fhe m^ht of oxygen which it taken 
wp in the passage, la. trath^ the qnanlaty of air passing 
through it may be ereoi destructive of combaBtion when 
in excess of the demand of the fuel, if improperly intro- 
duced. 

Again, he observes, "This being the case, the matter 
stands thus : — the quantity of heat generated is dependent 
upon the quantity of air admitted : so also is the quantity of 
steam produced dependent upon the greater ot less intensity 
of the fire." 

Neither chemistry nor experience justify these inferences. 
The quantity of ''heat generated" is dependent on the 
relative weight of hydrogen first, and carbon aftenvarda, 
chemically combined with their equivalent weights of atmos- 
pheric oxygen. The quantity of air admitted may, indeed, 
actually dimimali the quantity of heat generated. So, " the 
quantity of steam produced" doea not depend on the 
" intensity of the fire," but on the quantity of heat absorbed 

ike wateTf as will hereafter be explained. 

Were there nothing else requiring attention, in the use of 
coal, than the combustion of its fixed earion (as in the fire* 
box of a locomotive) nothing further would be necessary 
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than the supplying the- air through the grste-bacB to 
fuel on them. In the use of coal, howeyer, as there is iie 
gas also to be generated and consumed, any excess of air, op 
its injudicious introduction, though it might not aSecfrtiie 
comhustion of the carbon, must necessarily interfere with 
the quantity introduced for the use of that gas. 

Aa to the quantUj/ of ali- chemically reqiiired for the GoJce, 
or lixed portion of tiie coal, after the g;ia has been expelled, 
it has already been shown that every Gibs of carbon requires 
IGlbs. of osygeu. Now, tho volume of atmospheric air which 
contains 161bs. of osygen is estimated at about 900 cubic 
feet, at ordinary temperature. Taking, then, bikuminoua 
coal as containing 80 per cent, of carbon, we have IGOOlbs. 
of coke (the produce of 20 cwt. of coals) requiring its 
equi?aLant of oxygen, and which will be equal to 240,000 
cubic feet of ail ; siiLCft aa 6 :-800: : 16 : 240,000. This great 
q^uaotity of air required for &e exduaiTe use of the eoJce m f3« 
lars, rnoBt, therefore,, be passed upvatds, from .the a^»pi^ 
the product being transparent carbonic acid gas, of a hi^ 
temperature. 

In this process no error can be committed. The carbon 
remains quiescent, and witltout combustion (wholly irrespec- 
tive of the temperatura to which it maybe raised),, until 
each atom ahal), successively, obtain contact, and combine 
with its equivalent of oxygen ; which become, as it were, the 
wings > by which it is literally to be carried away, in the 
shape, of. carbonic aoid. Of itself, and without the. aid of 
such mugs, it bad no powfflr.of movement, eseape, (w oooit 
bustion^ 

The conditions under which cohe enters into union with 
oxygen, and the singleness of the process, marks strongly 
the disfdncUon between its. use in the locomotive, and that 
of coal in the marine, or land boil». ' In the faimeF,-£bera 
is hut one operalioa^ as hese ahoim ; in the l^iter» howevw, 
there are .the sevmnl gaseous operationB, all of which require 
systemic management. 
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In supplying the air to the coke, and to avoid blie admis- 
sion of a larger quantity than ia legitimately required for ii» 
own combustion, the principal point requiring atteniioa iB 
Qie preservinff a uniform and ai^dUnt lody of fuel, on Hhe 
iorf, as notii^dia'tbe last chapter; thus to prereot the air 
passioglhioagh the fuel ia. masses or stceains, hy fihich a 
«ooliiig effect irould he produced, injuriouB to the geoezatioii 
and combnstaon of the gas. "Where anthracite ia uaed, as in 
the XTnited Siatno, and whish is* composed chiefly of carhon, 
th% praetioe ia to heep a hod; of it on the hars of from 7 to 
12 inobes deep. - If this depth of anthracite ia adviBable, it 
Trill hereafter be explained, that a greater depth is requisite 
with bitumiapas ooal. 



CHArXER IV. 

CSS TEB MJSASB OF TN-XEODHCING AIR TO THB OAflJCOUS 

■ POltliOIT OP THH COAl. 

Katiks spoken of the air required Sae.ike cohe of a ton of 
coal, we haye now to consider the quantity required for the 
gas of the same; Hera w eater, unqueetionahljr, on the 
jDOflt difSoilt bnmch of' the inquiry. . 

It has hem shown that. eacb. cobio foot of gas reqiuEfla, 
absolutely, the oxygen of ienieubie feet of atmosplwrie Mr. 
By the prceeeds, of the Gaa Gompames, Tie leoni, thfU; 
10,000 cubic feet are produced from, eadi ton of bituminous 
coal : this necessarily requires no less than 100,000 cubic 
feet of air. Addiug tliia to the 240,000 cubic feet required 
for the coke, we have a gross volume of 340,000 cubic 
fei't ;i3 tiie minimum quantity absolutely re(]uired for the 
eoiiibui-tiou of eacli ton of coal, independently of that excess 
which will always be found to pass beyond what ia chemi- 
cally required. 

D 3 
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A8 it continuea to bo asserted tbafc tiiis great volume of 
iiir might, under jnaiiagenient, be introduced through the fire 
hara and aufenncmibent fuel, the qaestion demands a closer 
examination. A little 'coueideratioD, however, 'will show, 
that such a proceeding would be not oolj opposed to all 
chemical experience, but that it involves a phyeical impoB- 
sibihtj^. 

It -wiU not here be neceBsary to prove^ that a body of 
ur could not pass through a mass of incandeBcent cofae, 
without being deprived of the entire, or a lai^e portion, 
of its osygen ; as well might we expect that air 
would pass through the lungs of one human being, and 
yet contain the necessary quantity of oiygen for the 
support of life in another. 

Before a fresh charge of coal is thrown in, there will, or 
should be, as already observed, a sufficient body of clear and 
highly heated coke remaining on the bars. After the charge 
has been made, a large volume of gas will be generated ; 
and, consequently, an equivalent quantity of pure air will be 
required for its combustion. Now, at this stage of the 
process, and by reason of the mass of fresh fuel thrown in, 
the passage of the air through it must then, necessarily, be 
the most restricted. Thus the smallest quantity of air would 
be enabled to gain admiBsion, aimultaneoualy, with the 
greatest demand fbr it ; aid the largest generation of gas, 
simnttaDeoaslj, with the most restticted m^arra of enabling 
the air to obtain access. "Were there no other considexations, 
these alone would be sufficient to flhow the aluudute neces- 
sity oifroviding some other channel foe the introduction of 
the air for the gas, and the impoBsibility of introducing the 
requisite quantity in that direction. 

Aa the obtaining the largest measure of heat from any 
given weight of coiil, turns exclusively on the introducing 
the air in the proper quantiti/ and manner, tliis, in fact, 
becomes the cardinal point in the inquiry ; and on this point 
have the greatest mist^es been made. Watt in bis early 
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patent (1785) aouglit to introduce the air through the hody 
of fresh coal placed in front of the furnace. Chemistry, 
however, has since shown, that not one hundredth part of 
the required quantity could be so introduced. When Watt 
was engaged in considering the generation of ateam, concur- 
rently with the use and economy of fuel, all was uncertainty 
as to the proportion of air, chemically required for its com- 
bnatbn. The Bcientifio woxli had "but a vague idea of the 
relations between the combustible and the supporter of 
combustdos. The all-important system o£ chemical equiva- 
l^tB which now fomu the basis of our knowledge, aa to 
quantities, was not even suspeoted. Since then, however, 
by the discoTmes of Hig^s, Dalton, Davy, and their suc- 
cessors, uncertainiry has given way to certainty, and we are 
now as sure of our results as if we had, physically, the 
power of handling and combining, at will, the several 
elements which enter into the composition of bodies. In 
the language of Stockhardt, " Previously to the discovery of 
the laws of equivalent proportiouB, hardly fifty years ago, it 
could only be ascertained by laborious trials, how much of 
one body was required to combine with another, or to 
replace another. It is now only necessary to refer to the 
table of the proportional or equivalent numbers, to ascer- 
taiu, and heforehand, the quantity to be employed." 

Had Watt been experimenting on the combustion of coal, 
with the accurate knowledge we now possess, he certmnly 
would not have neglected (as is the case in the present day) 
the providing the relative quantities of the ingredients, air 
leing one t^ihem. 

We may here imagine the amazement which Watt would 
have experienced, had the following formuIiB been presented 
to him. 

" Organic subatances have an incomparably more compli- 
cated conslilution than in the organic compounds, as the 
following examples show : 
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" From the well known amber, a peculiar 
acid, sicccinio acid, is obtained, wbich con- 
siata of four atoms of carbon, two atoms of 
hydrogen, and three atoms of oxygen, and has 
accordingly the formula CjHjOj (see Fig. 20). 

" If one atom of oxygen ia added to this, 
we have tlie constitatign of malic acid =^ 
C,H,04CBe8Eig.21). 

" If one more atom of oij'gen ia added, 
that of tartaric acid = Ci H, Oj (see 
Pig. 22). 

" And by adding yet another atoio. of 
oxygen, that offarmu!aeid~= 04Hi.O( 
(see Fig. 23). 

" Bat on the otbra haad, if one atom of 
hydrogen is added to the succinic acid, which 
the starting-poin^ the consBtution of 
acetic acid ia oht^ed = H, Og Ac. (see 

Fig. 24). 

" yngar, atarch, and wood have precisely the same consti- 
tution, namely, Cj ll^ 0^ : they mo isomeric. If we imagine 
these three elements grouped together in different ways, as 
foE instance : — 




Fig. 25. 



Fig. 26. 



Fig. 27. 
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" Here, then, we can form aa idea bow one and the same 
quautitf of the same elwei^a may combine, forming Bueh 
veejiiSferea/b bodies.". 

With reference to the Tolume of air to be iutroducedi 
Professor Daniell obaer^ee, that it will he iiecesaacy,,e?en in 
laboratory practice, to supply twice the q^uantUy that would, 
strictly and chemically, be reijuired. Now, taking,, the 
minimum quantity of air, at atmospheric temperatiuq (for 
the gas of one ton of coai), at 100,000 cubic feet, tqiqnn 
an idea' of what that quantity is, it will ooly. be neceaaaiy to 
say, that it would fill a tab^ of 13 inches square.CthajUcwof 
ocdinary fire doarv), aod of no leta thAuSO.nulea in]aDg% 
This raoble oa to consider practieaUy the great body, ov 
buljE, we have to deal with, and the diffioitlby qI footing 
introduction. 

The introducing the required quantity of air will neces- 
sarily depend, first, ou the area of the orijioe through which 
it enters ; and secondly, the velocity at which it passes 
through that area. It baa been stated that the aperture for 
the admission of the required quantity aliould average from 
one-half to one sguare inch for each stpiare foot of grate-har 
surface. 

So entirely dispro portioned, however, is the area here 
stated, that it would not supply one-fourth the quantity 
abtolvtely . requireil ; much less that additional quantity 
which we have seen must of necessity pass with it. 

There. seems, then, to have- been some serioua oversight 
in making these calculationa. Practice and experiment 
prove that instead of on area of one tquare meh^ no less 
than Jrom fear ta eix tqwa-o meiea for each square foot of 
fhmace will be required, according to the gas-generative 
(quality of the coal, and the extent of the draught in each 
particular case. ' 

In examining the tables of results supplied by esperi- 
menters, the cause of their error may be traced to a mistake 
in the estimated velocity of the heated goseouB • matter 
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paBsing through furnaces to the chimney shafts. As this 
has, ia many instanceB, been adopted on the supposed 
authority of Dr. Tire, it is right to state, that the error 
'appears to have ori^nated in taking what that accurate 
chemist and experimenter had given, — not as praeHeal, hnt 
aa theoretic resnltB,* 

It is to be observed, that we are not here determining (as 
Dr. TJre was) the velocity of the current of heated gaseous 
products passing through the flues of a furnace, or escaping 
by a shaft of any given height. It is not the egress of 
intensely heated products that we are considering, but the 
ingress of air at merely atmospheric temperature and pres- 
sure ; and further sul^ect to all the consequ^ices of im- 
peded motion from friction, in paaeing through numeroua 
small apertures. 

The following table of relative veloeities of the air on 
entering, will illustrate the joint inSuences of current and 
area tlirough the admission orifices. 



Air aperture per 

aqua™ foot of 
furnace for bitu- 
tDlamiB coal. 


Vslooily pov 
itcmtd of tD^rcas 
ourreut of air at 

00°. 


CubiL- feet per lioiir 
entering through 
rnnali orifieeB. 


For eve.y tiiu of 
Cool in Ciibic 
feet. 


Square Indies. 


At ft. per Eacond. 


Cubic feet 


Cubic fiiBt, 


6 


5 


7,500 


73,000 


6 


10 


15,000 


160,000 


6 


SO 


30,000 


300,000 


5 


5 . 


6,250 


62,.';00 


5 


10 


12,500 


125,000 


5 


20 


25,000 


250,000 


4 


6 


£,000 


£0,000 


i 


ID 


10,000 


100,000 


4 


20 


20,000 


200,000 



* Dr. tFT&'BBtfttementiaasf<)lI<nra: "The qnnntit; of airpassing tlirough 
wdl-ooiutnuted fomaoes, msj, in goieral, be regarded as doable what is 
rigoronalf necesaaiy for coitilm>tioD, and Ihe proportion of oarbonic acid 
genented, therefore noione-balf of irliat itmnldbeiFeie aD tbe oxygen 
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Now, suppose a famace measuring 4 x 2/6 = 10 square 
feet of surface, and with moderate draught, this will be 
adequate to the combustion of 2 cwt. of coal per hour ; — the 
gas from which mil require 10,000 cubic feet of air. To 
supply that quantity, within the hour, will require the 
following relative areas of admission, and Telocitrf of cniv 
rent, yh. : — 

Telocity of onirsut per Area of Aperture, Id 

tfeond of idr cntedng tha SgiULm inches, por foot 

fimmeo. of furnace. 

If at 6'Sd feet per seoond, ynH require S square Indies. 
„ 10 „ » * ■ 

» 20 „ ,,2 

- ^0 „ „ 1 „ 

From this we see the absolute necessity of ascertaining 
the practical rate of current of the air ichen entering, before 
we can decide on the necessary area for its admiasion. 
Hitherto no estimate has been made respecting these pro- 
portions on which reliance can be placed. 

With reference to the mode of introducing the air, it is 
not a little remarkable (so slow is stdentifio progress vhen 
opposed to established custom) that many, to the present, 
overlook, or even dispute the ^fference in effect, when it is 
introduced through one, ac numeroua ori&cea. In ilhia- 

eom^ined. The increase of vti^t in eosSi tnuned air of the tempeiatiiie 
of 212° bong taken into account will give ID jarda or 67 feet per eecond 
for the T^ocitj in a chimney 100 yards high incaaed in steam. 

"Snch are the dednctioiiB of theory ; but they differ considerably from 
practical resolts." Describing the numy soarcea by 'nhich the theoretical 
velodty was diminished, be gives the result of a series of experiments in 
which the relodty per second vas aa follows : — 

" The cbimnc^ being 45 feet in length, the temperature of fhe thenno- 
meter being 68° Fabr,' the velocity per second was— 

Trials. By Tlioorj-. By Eiperiment 

1 . , 26-4 feet . . 5 feet 

2 . . 29-4 „ . . 5-78 „ 

3 . . 34-6 „ . . 6- 3 „ 



Mean Toniperature 
of Chliiiiioy, 

. 190 Fabr. 
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tration, then, of the effect of introducing the air ia a divided 
form^ let us take the case of a boiler fucnaee of modem aad 
apptored foim, whera the air enters hj a tingh or^g, and 




■compare it with that shown where it enters through 100 or 
mrare orifices. 
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This, however, would be 
erroneous ; beaidcB, that it 
would constitute the mere noa- 
appearaaee of smoke as the ^ 
test of perfect com'buatioa of ^ 
the gas. 

In the first case, Pig. 28, 
the body of air, by passing 
through a single aperture, pro- 
duces the action of a strong 
ciurrent,and obtains a direction 
and velocity antagonistic to 
that lateral motion of its par- 
ticles which ia the very element 
of difiiuion.' In this oa>^ paw-.- - 
iog akiDg the flae,.'.tlie stieam . 
of airpumtH ite civn coiunav 
attheloww-lsrd,A,wluilaihe . 
heated piocbiets fill the upper . 
(MM at B. It is hace evident^ 

according to the laws of motion, that the two ibicei^ ao^g 



In the first example (if the body of air be not too great), 
the e&ct may he faTOuiable, to some extent, in preventing 
Uie generation of dense atmJce. Inasmacb, howera', as the 
quantity^ of air thaa.intco- 
dnced, is chemicdly inade< 
qoate to the oombnstdoii of the 
gas, much of the latter moat 
escape unoonsmied, though not 
in the form oS smoke, hut as a 
light colourod vapour. InaueU 
case, however, the inference 
usually drawn would be, that 
tho area of admission was 
sufficient, and the combostiDn 



i 



f 
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sfl the seme directum, prevent the two bodies impelled by 
them (the air and the gas) from amalgamating. In fact, 
they do not come into contact^ except in the strata, or 
planes, of their respeotiTe proximate siirfaceB. The cooling 
influence of the air, however, goes on in the flue, and 
produoea a result the reverse of what was then most desired. 
In this case, the velocity of the current is opposed to the 
desired diffusion ; and as, by the laws of motion, matter 
cannot change its direction unless by the introduction of 
some other force; — iTiat otJier force is just what is here 
required. Thus, in the present instance, we inuat cither 
change the direction of the current of the air, or give it the 
Tupit direction from, {he lefjinninrj . 

Now, instead of a single aperture, let the air enter 
through a hundred or more apertures, as in Kg. 29. Here 
the force and direction of (he current will be avoided, 
and the required difTusive action produced on passing the 
bridge. Instead of the refrigeratory influence of the air, as 
in the flist caa^ there will be a aucceBsmn of igniting atoms, 
or groups, which 3ir H. Davy calls " explosive mixtures," 
each producing combnslaoQ. with its high temp^ture. 
Theae are distinctly perc^tible tcom the sight holes at H. 

The same results will follow, whether the single or nume- 
rous orifices are placed at the door, or at the bridge end of a 
furnace, as in l''ig. 30. In this case, the diffusion will be 
more immediate and effective. 

On this point it may be well to notice the oft-repeated 
fact, that the avoiding dense smoke may be obtained by 
leaving the fire-door cgar. Now, so far from this being a 
discouragement, or argument against the use of numerous 
small orifices, it absolutely confirms both the principle and 
practice ; for, if allowing a given quantity of air to enter in 
a thin fllm at the edge of the door have a good ^ect, we are 
thereby encouraged to allow the enHre eomplement to enter 
by other and more numeratu films or apertures. If, indeed, 
allowing the door to be ajar, with an opening of One inch. 
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were sufficient for the admission of tlie entire volume re- 
quired, iiotliing further will be desired. The moment;, how- 
ever, the aperture is enlarged by opening the door wider, to 
allow that required volume to enter, the injuriouB and 
cooling influence of the body and current of air 'becomes 
self-evident, and tlie result confirmed bj the reduced tempe- 
ratuTS in the flue, as indicated by tlie pyrometer. 

Of the adyantageous e&ct produced 'bjmeohaniealageae^, 
in promoting immediate diffusion betwerai the air and the 
gas, the following experiments are quite concluaire. 

Let IB^gures 81, 32, and 33 (see Plate 2), represent each a 
tin apparatus, with its glass chimney, similar to the ordinary 
Argand turner, — the gas is admitted the same way in all 
three — the diiference to he noted ia, in the manner in winch 
the air is admiiteH. In all thcso cases, the quantity of hoth 
gas and air was the snme. 

In Fig. 31, no air is admitted from below ; aud the gas, 
consequently, does not meet with any until it reaches the 
top of the glass, where it is ignited, producing a dark smoky 
flame. 

In Fig. 32, air is admitted from below, and rises through 
the orifice at A, Concurrently with the gas at the orifice B. 
On being ignited, one long flame ia prodnced, of a dark 
colour, and aiding in a smoky top. 

In Fig. 83, the air is introduced from below, and into the 
chamber c c, from which it ibsucb through a perforated 
plate, like the rose of a watering pot ; thus producing 
immediate mixture with tho gas. On being ignited, a short, 
clear, and brilliant flame was produced, as in the ordinary 
Argand gas burner. 

The heating powers of the flames were then tested, by 
placing a vessel of cold water over each. When over 
Fig. 32, it required 14 minutes to raise the water to 200*, 
whereas, over Pig. 33, it reached 200° in 9 minutes. 

Now, the difference of effect produced in those three ez- 
petimenta correaponds with what takes place in furnaces and 
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tlieir flues, irheii the air is excluded, and when it is admitted 
throu^ a siiigle ox through numerous oEificea. 

Of the importance of mechanical agea(^, in promoting the 
rapid diffosion or mixture of the all and the gas, the modes 
adopted on the continent for rendering the coke gas, or car- 
honic oixide, available, are coucluBive and inatractire. 

M. Peclet haa given ample details of the mode of effecting 
the combustion of tbia gas (the existence of which hag, foe a, 
long time, been practically ignored in this country), in the 
manufacture of iron, and even in tLu [)uddliag furnaces, 
where the most intense heat .is required. 

M. Peclet states that the process at Treveray, ia Trance 
(see rig3. 34 and 35, PMe 8), is preferable to that adopted 
in G-ermany, and for the following reasons, which dre ^ui^ 
to the point of oiu: present inquiry, 

1st. The air and the goa are better incorporated. 

2nd. The relative quantitiEs of the gas brought into 

contact with the air are more euily regulated. 
3rd. Combustion is effected, bj the introduction of the 
smallest excess of air. 

In the apparatus, as shown in the section, Fig. 84,50 jets 
of air issue, each in the centre of 50 jets of the gas (carbonic 
oxide), led from the cupolas of the melting furnaces. On 
examination of the process here exhibited, the mixing and 
combustion, ifc will be seen, takes place on the instant, and 
before the flame and heat enter the chamber of the furnace 
at F. By this arrangement, M. Peclet observes, " that the 
highest temperature that the arts can require is here 
obtained." It is strange that the practical and commercial 
value of this gas, which ia so wastefully expended at oup 
manufactories, at the summit of the cupolas, but bo well 
understood uid economised in France and Qermany, is oiily 
just now bdng recognised in eam^. 
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CHAPTER V. 

OF EEQULiTING IHE STIPPLT OF AIE TO THE GAS BY 
BELy-ACTING OB OTHBB MBCHAHTCAl APPAHATUS. 

Much haa Iieen iirged on the neoeasity £ir regulating the 
Bi^ipl/of air.eateiingtke fiunace, aaA-iaesns of preTenting 
HI excess 'at one time, «r msoffioent qnanti^ at aoetlier. 
The theory is pkoflible. Praciice, hoireTer, Trfam tested hj 
the aid of a -pycome^aT, and on the large scale of the furnace, 
has inTfiriably proved its unsoundness wd.fuHIit^. 

If the generation of tlie gas in a furnace were a constant 
quantity; or uniformly increaeiug iind decreasing; and ab- 
solutely ceasing at some one stnge of the cliarge of coal ; 
Biieh regulating apparatus would have its merit. The eye 
and the pyrometer, however, at once Tvarn us of the wide 
diiTerenee between theory and practice ; exhibiting the 
irregularities in the generation of the gas, and the error of 
applying an inflexible scale to a aeries of ever varying 
quantities. 

The possibility of regulating the admission of air by 
meehanioid meoni, was the oligect of numerous efforts. The 
aid of the first mechanical and chemical authorities was 
directed to aseeVbun wheUier any, and what degree of ad- 
joabaent waa pnctiflable or adrisahle. After much inTes- 
tigation it waa foond, that under the varying eireomatiaitces 
of land and marine boilers — of quick and slow combustion 
— of laige and small furnaces — of the ipregularifciea of the 
draught, which ofben varied, even in the several furnaces of 
the same boiler : looking also to the various modes of firing, 
and the uncertain qualities of the fuel employed; all these 
render the theory of regulating the admission of the air, 



Digilized by Google 



70 



THE COMBUSTIOK OF COAL 



as each charge proceeded, not only impracticable, bat erea 

injurious. 

In tte report made to tlie Dublin Steam Company, in 
1842, by Mr. Joaiali Parkea (the Patentee of tlie Split- 
bridge), an engineer well qualified for such an inquiry, he 
obseryea : " During the above-named experiments, I made 
numerous esaays of the effect produced by abutting off the 
admiaaion of air to the gases, ofWr the visible inflammable 
gases had ceased to come orer, aad when the ia&\ on the 
grate was clear and iocandescent. Ik such eatea I tAtoays 
fami ike entire stoppage of air to le fillotoei ig dvmtiiahed 
ieat m tine flues and 2ry diminished evt^ordAon; tac at these 
times, carbonic oxide continued to be formed ; a gas which, 
though colourleas, was converted, by a due mixture of the 
atmoapheric air, into flame, poasesaing, evidently, a high 
intensity of heat, and producing much useful effect. The 
calorific value of this gas ia lost when the is excluded, 
although ita non-combustion ia not attended with the pro- 
duction of visible smoke," 

During these investigationa it was ascertained, that tJie 
ajp^earance or non-appearance of visible smoke was no test, 
either for or against the admission of air — as io quantitt/, 
Mr, Parkes on this head observes : " The consequences of 
regulating and varying the quantity of air admitted so as to 
suit the varying state of the furnace, as regarda the quantity 
of gas given also occupied my dose attention. Itia 
^te certun that, to effect the perfect combustion of all 
the combustible gases produced in a furuace, a large demand 
for air (distinct from the air entering the grate) always 
exists: alao, that by entirely excluding air, smoke is pro- 
duced, and the heat diminished in all states of the fire. 
Thus, with correctly assigned proportions once a,acertained, 
no attention is required on the part of the fireman in regu- 
lating the admission of air. On looking through the sight 
holes, it was manifeat, that, aa a stream of either carburetted 
hydrogen, or carbonic oxide gas, was at all times generated 
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and passing over ; eo there was ' necessarilj a corresponSing 
demand for air; and -when supplied, a continuous stream <^ 

visible fiiime." 

Tliis is conclusive on the point of regulating the supply 
of air, or shutting it off at any period of a change. 

In addition to this inquiry, Sir Eobert Xane (one of the 
highest chemical authorities of the day), -was also engaged, 
and made an elaborate investigation and report on the 
subject, 

Bbfort to the DiBECToaa or iqb Cm of Dublin Steah-Fackei 

Qentiemen,— la seoudanoe vitb yovr leqnestj that ire ■Kould proceed to 
examine into the eoQE^truataon and performance of the Uaiine Boiler 

Fnrnacea erected at your works ia Liverpool, upon the prinoiplo of tie 
patent of Jlr. "Williams, we have U> report, that we hare carefully in- 
spected the operatiou of these furnaces in their severHl parts, and also 
some otherH constructed in a Eimilar manner, nyion a large working scale, 
which are now in actual aao in vaili-j!! puis of the town ; and that we 
liare iu^tituted several series of cxpiiLiiiesits and ohsorTations upon the 
temperature produced hy those furnaces, and the maoncr iawBljpi the fuel 
ia conrained ill them. 

In dednnng from those eq;)aimentB and obsarrationa iba condnmoos 
which will he found embodied in this report, we haye taken into carefiil 
eonsideratioa the general chomical principles upon which corahustion most 
ho carried on, so as to effect the greatest economy of heat and fuel ; and TO 
Lave examined huw far those principles are attended to in tlje construc- 
tion of the various kinds of furnaces that have been iii*(i]iosod for prao- 

The conclusion to which wc have arrived, and which wo believe to ho 
estahlished by very decisive evidence, as well of a practical aB of a theoro- 
tical kind, maj be briefly expiesBed as fbllowa ; 

lat. thai, inUie ooraburtioa of coala, a large qnaati^ of gaseona and 
inflammable material ia ^ren ont, which, in (amaoes of the ordinary con* 
■tmction, is, in great measure, lost for heating pnrposes, and gives rim to 
the great body of smoke which, in.nmuafactiiriDg towns, predacea rnnch 
inconveoience. 

2nd. That the proportioa which the gateous and volatile portion of the 
fuel bears to that Thick is fixed, and capaUe of complete oombastion oa a 
common fomace Bcatc^ may be oosndsnd aa otu-^mih, in the caw of 
ordinary coal. 
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ttnnot, viQi advantage, lie iatroduoed ather daoagh the interstlcGB of the 
fire bars, or the dooF by opening it. In the former case, the air is 
deprived of its oiye^" Pfssing through the solid fuel, antJ then only 
helps to carry off the combustible gases before they can bo burned ; and, in 
the latter case, the air whieh would enter, by reason of its proportionate 
BUSH, voulA prodace a cooling infaence, and cannot conTeniently he mixed 
so as properly to support the combustion of the gases. 

4th. That the combustion of the gaseous materials of the fael is best 
Moompliahed hj intzodudDg, thiough a mmiber of IJiin or small oiiflceB, 
theneoeBBaiy snpp^ of bo that it may etOsrinadMdedfmiiwaA 
rapidlyaoT with the heated gases iusDohpiopartionB as to effect their com- 
plete combustion. 

fitb. That, in burning eolce, or when coal has been burned down to a 
dear red fire, although the combustion on the grate mrtyappoar to be per- 
fect, and little or no flame may be prodaced, and no smoke whatever made, 
tltei-e may he a great amowit of w^fid heat lost, owing to the formatioii of 
carimK oxide, which, not finding a &eah supplf of air at a proper plaoe, 
uecesaarily passes off nubumed. 

6th. That under the common airangements of bdler fnrnaceB, vhete 
there is intense cQinbustion On lliia firt-grate, and but little in tlie^u«^ the 
difference!^ tcmperatare in and around the Tatious parts of the boiler are 
greater ; and, consequently, the boiler is moat subject to the results of 
unequal temperatures. On the other hand, when the process of combustion 
is spread through the flues, as weD as over tha fire-grate, the temperature 
remains most uniform throughout, and the boUer and its settings must be 
least liable to imurj, 

7th. That tlie lie.it produced by the combustion of tlie infliimmable 
gases and vapours from the fuel, in flues or chambers behind the 
bridge, miut be conadenihle, and can be advantageouBly applied to 
bcdlras, the loigUi of Thiok may be commensurate with that of the 
heated flues. 

In further substantiation of these conclusionB, ne will describe the 
resnlte of our experiments made with the marine boilers fitted up with 
^•apertures on TSr. Williams'a plan, in order to determine how fiir, in 
pntotice, the scientific principles of combustion may be economically carried 

EXPERIMENTS WITH COAL. 

When the fire was charged with coal, and air adiuitted only in the 
ordinary way, (the passage te the air-dbtrihutors being closed,) the entire 
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interior of the flnea vm filled nth a dmte Uadi tituAe, iriiudt ponied out 
from the orifice of the ohinmej ia great ijiiaiilify, and as obeerred Itongh 
the aght-hideB. tThe mean tempeiatnie of the flnes in tlus experiment being 
ibnnd to he 650°. 

ExpsitnuENT 2. 

The fnmaee being charged in the aaue manner with ccal, and the ntpply 
of air by &e dividing appaiatne fully let on, the amc&e instanUy dig- 
appeared. Nothing viuble passed from the dumDey. The fines became 
filled with a clear yellow flamei which wonnd zonnd at a nuudmnm 
distance of thirty feet, and the mean temperature at the turn of the fine 
was foTind to be 1211°. 

Henoe, the quantity (tf heat conr^ed to the water through the Smu, was 
twariydonbled by intredndng the air in this dirided manner; and, whilst 
the fnd remained the same, the oombiurtion was rendered perfect, and nn 
enuAe piodnced. > 

EZPBBIMEM 3. 

The foinace being charged i^th cool exactly as before, the passage to 
the air-qwrtnres was one-htUf dosed. A gray smoke isBoed from the 
duniu^. The fines were occn^ed 1^ a Iniid flam^ occa^ally, of 
nearly forty feet in length ; the mean tempeiatnie of the fines being foond 
to be 985°. 

Thti% with half the snpply of air, a mean condition was obtained 
between the dense black smoke and imperfect combustion of the first 
experiment, and the Tirid combustion and perfect absence of smoke of the 
second. 

R 

fiXPEEIMBNTS WITH COKE. 
Having thns tested the circumstances of the oomhnation of eoal, under 
difiereut conditions of the furnace, we next proceeded to ascertain the exact 
dicnmstances of the combustion of coke. 

EzPXBDIBHT i. 

The foraaoe being fnlljr charged with cokt, (from the Gas WiH-k^) ud 
the irir-aperAm doKd, so that it homed as in an otdinai; ihmaoe, tite 
fines wne daric, bnt a blcdA-ydlow fiame extended under the boiler to the 
liaek, a space of ten feet. The mean temperatnre of the flue waa then 
found to be 702°, 

The coal, nndor the aamo circumstances, having given a mean tempera- 
tnre of 650°, a difference of 52° heating poiver was thus shown ia &vour of 
eoie, and which agrees with resnlta obtained bj others with fomaces of the 
ordinaiT omatnoUon. 
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The finnaee bdng agmn chained with coke, the lur-apeitare iras opened 
OM-ia^. Tbo Uvea then became occupied with a. flume of various tinte, — 
bine, yellow, andiose-colonred,— produced by the combustion of carbonic- 
oxide and various other gaseous products. This flame extended through 
twenty-five feet. The mean temperntnre of the flue was then fonnd to be 
1010°. 

Thus, erea with ooke, the inoreiiae of Kvulable heaUag power, produced 
by th»admisai(m of air on Itx. I^am^s plan, waa found to be SOO* or 
Utree^emthB of the entire. 

The fimiue bdng t^pdn chaiged with ooke, and t£« aix'-apertiue fatlg 
opened, Qie Same in the flue shortened to about fifteen feet, and the mean 

temperature of tlie flue became 852°. 

Hence it appeared, tli.it tlit're h:i<l hevn n larger qu.i,iitiiy nf :iir admitted 
in tiiis last ease llian ivaa necessary for the combustioa of Uie gases from 
thetfoie," and henceaooolingefiect bad boon produced, such as to neutralise 
one half of the advantage which would have otherwise been gained. 

It results from these espeiiments, — 

lat. That the ur-aperture of the furnace was sufficient for the proper 
comboBtion of eoaU, bat was one-half too large ibr colx. 

2Qd. ThatbytheuBBof the air-apertoreB, in flie case of coals, all amoke 
ia prer^ted, and tiie nsefid eS^ of the Aiel much increased, 

3rd. That, even when cole is used, the heating effect is also ntttclt 
increased by the admission of air by apertures beliind or at the bridge ; 
but it required only one-half of the air which is necessary for eodl. 
If, however, it be supplied with the quantity best adapted for ooalf 
one-half of the advantage in again lost by the cooling power of tlila 
excess of air. 

4th. Since, in all ordinary cases of practice fresh fuel is added ia 
moderate quantities, at eittai intervals of time, it wu not fonnd neoeesary 
to alter the rate of admisaion of -die ^ tgr ytitw or other meohaniam. 
A uniform current, admitliiig a quantity of ^ intermediate to that neoea- 
sary for coal alone, will abnndentJy suffice for the perfect combustion of 
&e fael, and need not require any ertra attention on the part of the 
workmen. 

In concluBion, we have to stat« as our opinion, that the arrangement of 
furaace and admisaion of distxibuted air on Mr. Williams's plan, fulfils the 
conditians of complete comhuation in the highest degree, as far as is com- 
patible with the TBTieties which exiBt in the oonstniction of boileis, the 
peculiar chamter of the coal emidcTed, and tiie nature of the dnraght; the 
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fmniatian of nooke is premited ; and tlia ecoaimiy t£ fuel we mnnot 
coDsider as b^ng lesa than an average of one-fiflb of tbe entire in (he 
-case of and of one-tMrd of tlic entire when cooJ is used. 
We are, Gentlemen, 

Yoni obedient Servants, 

BOBBBT KASS, M.D., IS.'R.I.A., 
Profaivr of Natwal FhMoto^y to the Sotal Ditbeih Sooibtt, aad 
Profittor qf Chaniitiy to Apotheoariaf Ball of Irdand. 

B. H. m&VS, FkD., F.L.S., 
ProfuKT of Chemutry to the Livayodl OoU^iate /tut&tttmt. 

The inference irom these chemical inTestigations ie, that 
ihere is no interval from the heginning to the end of a charge, 
vihen there is not a large iodg of combustible gas generated 
in the furnace, and a large supjyhj of aimosjilierio air 
required. 

The advocates of self-acting valves have overloolced the 
<!hetnical &ct, that as soon as tlio coal gas (carburetted 
hydrogen) ceases to be evolved, the fuel on the bars would 
then Se in an incandescent state, and precisely in the con- 
dition to fomisH a copious generation of the other gas — the 
coJee-gas, or carbonie oxide; but whiob had not hitherto been 
noticed by any writer in eotmeetion toith imler frtmaeea.* 
!N'ow, as this latter gas requires (for equal volumes) one-half 
the quantity of air of the former, it ia equally necessary that 
such be supplied, or the heating power of carbon Tould be 
lost.t The characteristics of this gas have already been 
given. Its practical application requires here to be noticed. 

* " Oturboido oxUU^" olweim Frofeasoi Qrabam, "maj-lH obtained by 
tnuismittuig oarbonie Mid om red bot diorcoaL The combnstion ia often 
witnessed in a coke or charcoal fire. The carhonic add produced in the 
Itneer part of the fire ia converted into carbonic oxide as it paaseB up 
fhroagk the red hot embers. " 

t Mr. Dewranoe, Engineer of the Liverpool ftnd Manchester EaUway, when 
that fact was painted oat, felt the importance of allowing a large quantity 
of air to enter through the door, bj numeroua ori£cea, and experienced the 
increased beating powers ariaing from the eombastioa of the coke gas in the 
Saxmeea of bis locomotirea, 

a S 
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For obtaioing the supposed advantages of regulating the 
admisnon of the air hy mechanical dgenof, many ingenious 
contrirances have been suggested. Among these the fol- 
lowing was tested many years hack by the Dublin Steam 
Companj : In the diagram, Fig. 36, a is the orifice for the 



Fig. SB. 




admission of the ur; h the ralre; c the (astern with ball to 
Tegulate the fall of the valve ; e the supplj cistern ; f the 
tap for letting off the water ; g the tap for r^ulating the 
rate at which the ratre descendB. Suiing the first half 'of 
a twen^ miimtes' chaige, the valve has no operation, the 
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aperture remaining open, the full supply of air being then 
required. During the next live minutes it gradually closes, 
and during the last five minutes remains closed, to counteract 
the neglect of firemen in allowing too much air to enter 
through the uncovered hars at the end of each charge. 
Simple as this plan was, it became unnec^saiy, and -waa 
finallj discarded. 

Ab some notoriety has lately been given to the plim 
patented by Mr. Frideauz, it ma^ here be expected that it 
should receive examination. Hr. f rideaux very juatly ob- 
serves : * " Only two methods present themselves by which 
the supply of air and the wants of the furnace can be made 
to correspond — either both must be made constant and 
regular, or the fliietuationa of one must be made to coincide 
with tliose of the other." Again, " If a continuous wad 
equable supply is to be furnished to a furnace, then the 
supply of fuel must be made continuous also. This appears 
to be the most perfect method of working a furnace, and it 
is to accomplish this object that most of the attempts to 
prevent smoke, and obtain perfect combnation, have been 
directed. Brunton'a revolving grate, Jukes' endless chain 
of fire-bars, and more than one kind of rotary feeder, all 
fulfil, with tolerable efficiency, the porposes foe vrhioh they 
■were designed." 

With these just and appropriate remarks Mr. Prideaui 
introduces his own plan of " A self-closing valve for prevent- 
ing smoke and economising the ficet," and by which to cause 
" t7iG jluctualions between supply and demand to coincide." 
He then describes the action of his valve as follows : " The 
stoker when he closes the furnace door after firing, will raise 
the arm of a lever appended to it: this movement throws 
wide open a sliding valve in the face of the door, which 
mmediatelg commences closing, slowly and automatically, by 
the gravity of the lever, and afibrds during the progress of 

* " MudmierUary Trealue tm Fvd, partiadarl]/ wUh' r^ermte to 
Jleverberatory Funutca, bjr T. Symea Fndeanx, Boq, JdinWmle." 
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its descent, a gra^lually diminUhing 'supply of air to the fire, 
in harmony with the gradually diminishiny regairementi of 
the jhtel." 

Bj what means this faitberto imdiscorered phenomenon 
of the graduiAly dwimtshxng requirements of the fuel during 
the first ha^ of each charge was asoertamed, is not stated. 
Ifov, however plausible this theory may ^be, it is at once 
dif^rored by espeximent— /j^ "loaats qftie-famace" being 
in direct contradidjoii to the all^d " gradually dminieMng 
requiremenfs of the fuel." In truth, experiment proTes, 
that "to cause the fluctuations hettvecn the supply and 
demand to coincide," the arrangements of the valve should 
have been just the reverse of what is here described as 
tahing place, and should rather require a gradually increemng 
(instead of diminishiug) supply of air to the fire, in harmony 
w-ith the gradually inereasing (instead of diminishiDg) re- 
quirements of the fuel. 

By the operation of closing the valves, the act of dimi- 
nishing the supply of air begins on a fresh charge of ooal 
being made, and it is en^Iy cl(ned 'wfaen one-half tbe time 
zeqiured for the t^iaige has expired; thus necessarily re- 
ffioiSHt^ shut dmiag the second half—cn the st^ipositioa that 
there was no gaa then generated, and no further <u^^ of 
mr necessary.* 

* As this t^taalioa of ibe valre is so direotly opposed to the true 
reqoirementa of tlie fuel, tbe patentee's own deseription of it is here 

given:— 

" To givG an illustration of its mode of action : Snppoaing a freah. 
supply of coal to be put on a furnace every 16 minutes — tlie smoke (mean- 
ing gas) conecquont upon coaling, to come ip'admdJy to uii end at Ike ex- 
piration of eight minutes — iind that immediately nflt v co ilir.^, tlie fiiniam 
requires at the rate of 100 meaaurea of air per rouiaij (adiuff ted above liie 
fael), to fumiah. the requiate amount of oxygen to prevent smoke. 

" For saeh a furnace as the abav% tlus v&lvo is adjusted so as to foimah 
at the rate of 100 measnrea of air per minute uA«n tride open, and to- 
gradually dose at the md of eight mmulu. Now, aft tiie opentioii of 
do^ng occupies dght loinute^ at four minutes nfter ooaling the ^ve ia- 
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It is Iiere manifeBt that the error into which Mr, PrJdeaux 
has fellen, has arisen from assuming, theoretically, t)iat the 
generatacoi of gas (which he inadvertantly calls smolce) would 
"aome gradually to an end at the expiration ofeitjht minutes" 
from a charge which would take sixteen minutes for its 
eomjAetion. If, indeed, that really were the case, then this 
aetion of his valre "gradnally domng at the end of eight 
minutes," would produce perfect harmcmy between lihe 
supply of air and the irec[uuementB of the fuel." 

The Iteports already given by Sir Sobert Eime and Dr. 
Brett^ ISx. Parkes, Mr. Houldsworth, uid Hr. I^baim, 
being all in direct disproof of the abore, render any forther 
remark here unnecessary, except to notice the important 
diiFerence thus established between tbooiy and practice; 
and the absolute necessity of proof — not by the fallacious 
test of the appearance or non-appearance of smoke, but by 
ascertaining the temperature ia the flue, by the pyrometer, 
from the beginning to the end of a charge — and the length, 
character, aud colour of the flame, bj actual observation. 

!Mr. Prideani proceeds : " The door of the furnace should 
be double, aud the air should pass into the furnace through 
» teries of perjbrationa" By this arrangement, heobseirefl, 
''three important points are Beeozed: let, the heating the 
tax ; 2ndly, tiie keeping the outer door of the furnace com* 
paxatiTely joool ; Srdly, its auhdmtion into stmu^ jeta" 

A few words on each of these three points will here 
sofSce. 1st, Of " imtinff the air." As Ab. Frideaux takes 
in the air, as all others do, at mere atmoapberio temperature, 
his claim for '* heating the air" goes for nothing. Whatever 
heat it aoquirea (and which has bem asoertoined to be wholly 

lislf ahnt, MBHqriai^adiiuttiiigsttlierateof nnl^ meararea of ur 
pat mixaSie, and the yrh/Aa amount of ur adnuttod in the eight minutes 
dnrins wUdi the valve is open, will be 400 meamree ; and this qnantitT, 
sn^pliedin a gndnaltr diminishing manner, inkamonf *rith the gradu- 
ally dimMithing npriremcnto of the JM, ia fonnd aoffidnt to prevent all 
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inaigniScant) caa alone be obtained bj' passing tlirougli the 
perforations in the door plate, as it does in the numerous 
plans hereafter described. [Mr. Prideaux's own authorily 
will hereafter lie quoted in proof of tiie iallac^ of the hot-air 
theory.] 

2adly, As to " keeping the oiUer door tf the Jumace com- 
paratively cool." This is too unimportant a circumstance 
to require further notice. 

8rdl;f, As to passing the air " through a tenet ^faforo' 
iiont, and tie iubdivision into mim^e Jetaj" it is only 
necessary to add, that it is a satisfiuitoiy illustration of the 
piindple of the Argand furnace, and of the correct practice 
enforced in every page of this treatise. "iSx. Frideaux has, 
however, omitted to state that fact, or to disclaim any merit 
or originality in this, ihe only useful part of hit patent for 
" the preventing of smoke and economising the Juel." 

Impreescd with the importance of the snmll-jet system, 
Mr. Prideaux further adds : " An attempt is often made to 
mitigate the smoke and imperfect combustion, by leasing 
the furnace door ajar for a certain period after the addition 
of fresh fuel." To this he correctly objects, on the ground 
that the air then " enters en masse," instead of " in mall 
Jets." Numerous other illustrations might here be given as 
to the efficiency of the " subdivision into minute jete." Mr. 
Prideaux's evidence in corroboration is, however, important, 
althougb it lays him open to the diarge of aaanming to be 
the inventor, or original patentee, of what had loi^ be^ so 
well established.* 

* It is here ecfircely naeeeaaxj to say, that Iiad this plan, ■miii IMm 
deBcription bj the patentee himself, been bronght ont twdve montliB 
earlier, tiiat ii, befine the «q«»tion of Um patent for tilie Aigaad fonaix^ 
it oould not have atood the teat of a jnij, ao identioal ia the api^ieation »aA 

degcription : ' * The seriei of perfomtioiu, and the eubdivi*ion of the air 
info minute jelt," l>eiiig equally applicable to both patents, aod convejiiig, 
in the mast appropriate terms, the very principle and mode of applying the 
Azgand famace. In fact, the accorate description giren by Dr. Vi% (who 
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With reference to the progressive rate of generation of 
the gas in a furnace, and the consequent demand for ntmo- 
spheric air, the length of the flame (when the air is properly 
supplied) furnishes the best evidence. The following tabular 
view of the result of numerous accurate experiments, made 
many years back, and expressly to ascertain the rata of 
evolution of the gases, throughout a charge of 40 minutes* 
duiatioi), IB ccmdusiTe: — 



liimself Eettled the terms of the Epeclfication,) funuBhea eottdiuive epidmce 
of the identity of Ae tm plane. Vi. TJre {Dictionarj of Arts) oliserves; 
*' The patent of 1689 consists in the introdnction of the tir thiotigli a 
mmder of mall wifUa, (he operatum of the air enterinff in tmalt jett 
into the Imlf-bnTned hydio-oarbnietted gases over the fires, is their pufect 
o^ygeaBtion." "Ag^ one of thb many methods in which Ur. ITUIiuns 
has ouried ont the prindples of what he Justly calls his Argand furnace, 
is Tepreeented in the figure" (whleh he gives). " The box iaptrforaltd 
either Jt-iiA romul or oblong or\ficei," ke. "In Home caaea the fire^ooc 
projects, with au ictermediate space, into vhich the air maj be admitted, 
in r^fidated qaanlity, through a mtmeaMe valve im the door." 
•iliethsrmometerbalb'TM here iusertediutlte fine, m&t astopimnt 
X S 



□ igilized by Google 



82 



THE OOMBDSTION 01' COAL 



We here aee, that so far from the quantity of ga8 generated 
1)eiiig greatest at first, and ceasing when the charge was one- 
half exhausted, it is just the reverse. In fact, any one who 
haa observed the indications of the pyrometer in the flue, 
and has looked into a furnace in action, must have observed, 
that, there being mach raoiature in the coal to be evaporated, 
it required a considerable time before the full supply of gas 
was being generated, and the temperatnxe in the floe bad 
risen to the mazimum. rurbher, that when the first half of 
the charge was exhausted, the greatest quantity of gas -was 
Uien momentarilj evolved — ^the longest flame exisiing in tiie 
floe — and the b^faesb temperature indicated by the pyzo- 
meter; consequently, the fidleat snp^y of air iras th^ 
required. 

The following experiment is also in point here : This was 
made with a larger charge of coal, and, during 60 minutes 
(the bars being kept well covered), the object being to 
ascertain the relative quantity of each hind of gas evolved; 
and thus form a guide to tlio quantity of air required, at the 
several intervals, from tlio beginning to the end of a charge. 
[The observations were taken from two sight- apertures : one 
at the back end of the boiler, and the other at the front, 
looking into the flue,] "When the supply of carburefcted 
hydrogen gas was nearly exhausted, the distinct flames, and 
their two distinct colours and characteristics, might clearly 
be distinguished. The following Table will present a view 
of the relative quantities of the two gases (carbonic acid 
and carbonic oxide, or coke gas) produced during the 
progress : — 

tb« moreniT ritii^ nbora 600°~titelii^ieat nuigs\reBee1iriiig540''--v]ieD 
thfr dOige iras hti£ erpendod. The alisalate hsaX In the fltie was, hnraver, 
emtiderablT higher, as ascertuned bj the melting pcmtta of a writs of 
tnetallia allojs, prepared by Sir Bobert Ease, expr««8ly bx tba pnipoae. 
Sf Uuae, inserted in the flue, it wss foond that tin absolnto lieat an^nff 
lathtpKtofl^fmm^ wu at least 7G0°. 
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mme Is mlniitos. 




Coko Gas. 


Total Ungth of 
Flanjo iu foot. 


Charge of coal . 


. none . 


. . 10 . 


. . 10 


5 minntes . . 


. 10 . 


. . none . 


. . 10 


10 „ 


. 11 . 


. . none . 


. . 14 


16 „ 


. 18 . 


. . none . 


. . 18 


20 „ 


. 22 . 


. . none . 


. . 22 


25 „ 
30 


. 18 . 


' ' nin! * 


. . 22 
. . 18 


85 ,, . . 






. . li 


40 „ 


. 10 . 


. . i . 


. . 14 


45 


5 . 


8 . 


. . 13 


60 




. 12 . 


. . 12 


66 

60 „ 




. 10 . 
. 10 . 


. . 10 
. . 10 



Here catmian 4 may be taken as indicating the gross 
quantitieB of oombnBtible gasea erolved, and requiring a 
anpjJj of air. Ja numerouB other furnaces, in whicii the 
air yraa properly iatrodnced, and the fuel properly covering 
the bars, the flame was seen during a large portion of an 
hour's charge, extending along the aide flues from twenty to 
thirty feet. The quantity of the coke gas will he in propor- 
tion to the thickuefis or body of the fuel, and its state of 
incandescence. 

With the view of accommodating the supply of fuel to 
the demand for air, the best practical mode is the equalising 
of the quaniitff of gas requiring such supple/. This was done 
effectually thirty years back, by arranging the furnaces so 
that each pair shall be connected with one common flue. 
This arrangement, for alteemate firing, adopted among 
.others in the steamer " JBoyal William " (as hereafter 
shown), is cyery way satisfactory. A similar arrangement 
has been introduced in Her Majesty's Steamers " Serm.es," 
" Spitfire," and " Firefiy," as deaoribed in Tredgold's work; 
nothing, howerer, is there sbovn. as to the means for intro* 
ducing the air, and, conaeqoently, the Talue of l^.flue 
arrangement is lost. 

Eig. &7, taken &om'Feolet*B work, shows a minilar. mode 
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adopted in 'Eimoe, for ecioalisiog the supply and demaod of 
gBB and air. It will be loaaifeat that, aa^uimng the tai- 
naces to be changed alternately, the quaati^ of gaa behind 
the bridge will be the mem of tiiat generated in both 
furnaces. 



Eg. 87. 
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Another and a very effectual mode of equalising the 
supply of gas, and thos practically equalising the supply of 
air, is by charging the furnace-grate altematdy, jSrxf on the 
one side, and then on the other. Where the fomace is vide 
enough, this is very effective. 

The result of thia inquiry into the policy of attempting, 
by mechanical means, to regulate the rate of supply of air to 
the gas during the continuance of each charge is, that it can 
be productive of no practical value ; and the more bo, since, 
aa observed by Mr. Parkea, that " as a stream of either oor- 
buretted ^drogett, or carbonic oxide gas mil, at times, be 
generated, and passing over, there must neeesaarily be a 
corresponding demand for air." 

In the report to the BrittBh Association, on this reiy 
pointy Kr. HonldBWortb observes : " It has been genonlly 
supposed, that when there was a perfectly red fire in the 
fiunace, and when no smol^e was generated, the admission , 
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of cold air at the bridge would do harm instead of good, hy 
reducing the temperature ia the flues. He had, however, 
tried the experiment that morning. After having the air- 
passages closed for some time, he bad opened them when 
the coals in the fire were perfectly charred, and found an 
immediate and decided increase of temperature in the fine. 
The increasing temperature was certainly the most striking, 
if the air-passages were opened shortly after a large quantity 
of fresb fuel had been put on ; hut, at all times he found 
there waa an increase when the air was admitted, and a 
deereaae wAm if wag exeladed" 

Practical proof of this kind at once puts an end to the 
theory of Belf-regoktiog Talves. 



CHAPTER VI. 

OF THE PLACE MOST SUITABLE FOB INTEODTJCIira THE 
AIB TO THE GAS IK A FUENACE. 

HAYiif o spoken of the necessity of mechanical aid in pro- 
ducing a Bufdciently rapid admiztuze of the air and the gas, 
we have now to consider of ike place beat adapted finr 
applying this aid. 

As regards the carbon on the bars, it is manifest that no 
other place could be selected than directly from the aah-pifc. 
That this is not available for introducing the air to the 
^Mfiotw prodoct of the coal, has now to be considered. 

Tredgold contemplated introducing the entire supply of 
^ thxongli the ash-pit and bars, observing that, " the gas 
Triiich distils &om the &esh fuel having to pass over the red- 
hot embers, through which the air in the ash-pit ascends, 
will be inflamed." Here we bare the old error, viz., sup- 
posing that passing the g88 over red-hot ^)iel would effect its 
combustion. 

. The plan adopted by Hr. Farkes of introducing the air 
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throngh what is c^ed the split Iridge, as hereafter shown, 
appears to have been among the first 'which recognised the 
proTiding a separate supply of air to the furnace gases, 
independentlj of that which passed through the fuel 00 the 
hars. 

This plan was sufficiently effectire, when combined with 
the system of small furnaces, with small charges of coal ; or 
large fimiaces when charged heavily, with sufBcient fuel for 
many hours' consumption, producing a uniform generation 
of gas during a long interval, and by the means of slow 
eombofition. The issue of the air tiirough 'Uie nairoT 
orifice in the top of the bridge, was, howerer, found to be 
nnsuited to the large fursaoes, 'with qoiek combuatiton and 
Ikeavy charges incidental to the Ixnlerti used in steam- 
TesselB. It was also liable to be occasionally obstructed by 
the stronger current of heated products crossing the aper- 
ture, in the same way as the ascent of smoke from a hoose- 
chimney ia obstructed by a strong wind sweeping across it. 
Ifumeroua modifications of this plan were adopted in steam- 
vessela, the most important of which ■will hereafter he given, 
with the view of explaining the several causes of their 
failure, and which it is often as important to know as those 
of success. 

When the chemistry of combustion in furnaces was ex- 
amined in 1841, it was shown that the required quantity of 
air was much greater than had been contemplated by prac- 
tical men, or stated by any writer on the subject ; and that 
no dn^ or^e could be sufficient fox the adtniasion of that 
qoantit^, unless by introducing it in sucli Tolume as would 
produce a chilling efibct on the flame, and a dimimsli^ 
mount of evaporative duty — a &ct strangely overlooked in 
all previous practice. 

The arrangement subsequently adopted in several vessels 
of the Dablin Steam Company admitted the air through 
numerous apertures, and in a divided state. This mode,, 
wbiob baa been clearly draoribed by Dr. Ure in his Die- 
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tionary of ArtB under the head of " Smoke Nuisance," • was 
alwaya effective when the draught waa aufficlent for the 
double supply of air, to the fuel in the bars, and the gaa in 

* "Sniofe Niiiaaitcc. AmoDg the fifty seTeral InTentions wHch have 
been patented for offeoting this purpose, with regard to stpam-boilor and 
other largo furnaceB, very few are anffioiently economical or effeetive. The 
first person who investiEatod this subject in a truly phllosopbical manner 
■was Mr. Charles Wye Williams, managing director of the Dublin and 
LiTerpool Steam NaTigation Company, and he has also had the merit of 
conatracting many furnaces, both for marino and land ateam- engines, whicli 
thoronghly prevent the prodnction of smoke, with increased energy of eom- 
hostion, and a more or !egs considerable saving of fuel, according to the 
care of the stoker. The specific invention, for wLicb ha obtained a patent 
in 1839, oouEiBta in the intruduction of a proper quantity of atmospheric 
air to the bridges and flamo-beda of the fumaees through a great number of 




small erinca. connected with a common pipe or canal, whose area can be 
increased or diminished, according as the circumBtancea of complete com- 
bustion may require, by means of an external valve. The operation of air 
thna entenng in small jeU into the half-burned hydto-carhuretted gases 
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tbe fornace cliamber. The difference which abtends ita ap- 
plicati(m WAS o&eax considerable, and arose firam ihe ■wmt of 

over thejti'et, and m tJufintJbte, is their perfect ozjgenatitm— the derdop* 
mcnt of all the heat which that can prodnce, and the entire prevenUwi of 
Bmoke. One of the raanj ingenious methods in which Mr. 'WilliamsliM 
carried out the prinoipleB of what he jastly oalla his Argand fnmac^ is 
represented at flg, 33, where a is the ash-pit of a ateam-boiler furnace ; 
h is the mouth of a tahe which admits the external air into the chamher, 
or iron box of distribaUon e, placing immediatel; beyond the fire-bridge 
g, and before the diffusion, or mixing ehunber/. The front box is perfo- 
raud eUker viA round or oblmg orifices, as sbomi in the two small 
fignics e e beneatk ; (fis the fire-door, which m^IUTe its fire-brick lining 
also perforated. In some coses the fire-door projects in front, and it, as 
well as the sides and arched top of the iire-p!ace, are coastructed of perfo- 
rated fire-tiles, enclosed in common brickwork, with an intermediate space, 
into which the air may be admitted in regulated quantity through a move, 
able valye in the door, I have seen a lire-|>lace of this latter coustruction 
performing admirably, wiUiout sinukc, with nn ccoiiufiiy . f . .ii(!-.-^eveiith of 
the coals formerly conaumci in producing a like amount of Eteam from an 
ordinary furnace. Very ample eyidence was presented, in a late session, to 
the Smoke Ftermtioi) Committee of the House of CommoDS (July 18^) of 
the snccessM applisation of Mr. Williama'B patent inrenlioiL to manj 
fiimacee of the largest ilimenmons, more especially by JSr, Henry Honlds- 
worth, of Manchester, who, mounting in the first flue a pyrometrical rod, 
which acted on an external dial-index, succeeded in observing every varia- 
tion of tempeiatnre produced by varying the introduction of the lur-jets 
into the mass of ignited gases passing out of tlie furnace. He thereby de- 
monstrated that 20 per cent, more iieat could be easily obtained from the 
fuel when Mr. Williams's plan was in operation, than when the fire was 
left to bnm in the usual way, and with the prodnction of the usual 
volumes of smoke. If U to be hoped that a laa wUl be enacted m the pre- 
sent ttssioa of Parliament, for ike n^prettvM, or at leait eialement, 
of tkU nuiaanee, which so greatly disfigures and pollutes many parts of 
London, as well as all our mannfacturing towns, while it acts injariouBly 
on animal and vegetable life. Much praise is due \a Hr, Williams for his 
indefatigable and disinterested labonrs in this difiicult enterprise, and for 
his forbearance under much unmerited oblotiuy from narrow-miniled preju- 
dice and indocile ignorance." 

It is here worthy of notice, that althoagh the above was written and 
published by Dr. Ure so many years back, it is now only in 18S1 that Far- 
liamest hare interpowd in the mwrnei there suggested. 
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draught, or from the perverse adherence to the old and lazy 
■method of charging the front half of the furnaces heavily, 
eyen to the doora, while leaving much of the hridge end but 
thinly covered, as hereafter will be shown. Such a mode of 
'charging the fumaces necesBarily caused an irregular com- 
buBtion of the fiiel, and a conBeqaent excesBiTe admission of 
air, j^oonteractang all effects at appropriating separate bi^ 
plies to the coke and the gas. 

The iatrodatnng of the air to land boilers, in numerous 
films, or divided portions, was first practically adopted in 
1841, at numranus fdmaaes in ^U^nchester, and at the 
vater-wor^ in Lirwpool, and at the stationaiy eugme 
of the Liverpool and Manchester Bailway, under the 
direction of the enj^ineer, Mr. JohnDewrance. That at the 
water-works, with a aliaft of 150 feet high, had previously 
caused an intolerable nuisance ; both, however, have since 
remained unnoticed and forgotten, even by the authorities 
in Liverpool, apparently from the mere circumstance of the 
nuisance having been effectually abated, and attention being 
no longer drawn to it. 

"With reference to the place for the admission of the air, 
it is here stated, advisedly and after much exp^ience, that 
it is a matter (^perfect indigence at to ^eot, in wiatpaii 
of tie furnace or flue it ia introduced, provided fhi* all- 
important condition he attended to, namely, that ike meeha- 
nical mixture of the air and gas he continuously (ffeeted, 
before tJie temperature of the carbon of the gas (then in the 
state of flame) he reduced heloio that of ignition. This tem- 
perature, according to Sir Humphry Davy, should not be 
under 800° Fahr., since, below that, fiame cannot be pro- 
duced or sustained. This, in fact, ia the basis of protection 
in the Miner's Safety-Iiamp. In practice, the air has been 
introduced at all ^ar^; of the furnace, and with equally good 
effieet. Its admission througli a plate distribntor, at the 
back of the bridge and at the door ^d, effected all that 
could be desired. 
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The adoption during the last few years of the tiibular 
tystem in marine boilers, is now to be noticed, ini^much as' 
it rendered a different arrangement absolutely necessary. 

The chief characteristic of the tubular boiler is the short- 
ness of the distance, or run, between the furnace and the 
tubes. The result ia, the impossibility of effecting the 
triple duty of generating the gas, mixing it with the air, 
and completang the combuBtion ^rithin the few feet, and the 
fraction of a aeeond of iime, which axe i^tsca aYailolile. To 
obtab. the desired effect the sir 'was then iotrodnced. at the 
door end of the furnace ; thus, as it were, adding the length 
of the furnace to the length of the run. 

The main object being the introducing of the air in a 
divided state to the gaseous atmosphere of the fomace 
chamber, the following esperinient was made: The centre 
bar of a boiler, four feet long, was taken out, and over the 
vacant space an iron plate was introduced, bent in the form 
aa shown in Pig. 39. 

Here, the upper portion of the bent plate, projecting 



Fig. 39. 




three inches above the fuel, was punched with fire rows -of 
half-inch holes, through which the aic issued in 66 streams* 
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Adequate misture waa thus instantly obtained, as in the 
'Argand gaa-borner ; tlie appearance as viewed through the 
sight-hoiea ■ at the end of the boilers, being even bril- 
liant, and aa if streams of flame, instead of streams of air, had 
issued from the numerous orifices. It is needless to add, 
that nowhere could a oocQing- e&ct; be prodooed, notwitb- 
stuiding the great Tolnme of air so intxodaced. 

The sectioiikl-Tiew of the fttmace, looked at from befaindl, 
•B inI%.'40,repre&6Dtsthe character and diffumre aotioB 
of the flame. 

. This led to the enlargiug of 
the door-end of tho furnacea 
sufficiently to admit tlie re- 
quired number of apcrturea 
and full supply of air ; an 
arrangement, which has been 
for years in snccenful opera- 
tion, both in ' marine and land 
boileia. 

Li practice, the great difi- 
enlly l&j in adapting the plan 
to marine boilets, the door- 
vn^jB of which are made ao 
contracted as to render it 
impossible to introduce the 
required number of half-in<:& orificefl> as hereafter will bo 
shown. 

Before examining the respective merits of the plana here 
referred to, it will be advisable to notice one of the causes 
of derangement, and from which many, though sound in 
principle, were rendered inefficient in practice. 

On lookiag into the flues of land boilers, through suit- 
ably placed sight-holes, when the furnace is in full action, 
numerous brilliant sparks may be seen, carried through Ha 
flues with great rapidity, to the distance of ten to twemty 
feet before their laminous character is lo3.t, and they become 



Pig. 40. 
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deposited ia the tubes, or flnes, or wherever eddies are 
formed. These sparks consist, chiefly, of particles of sand 
in a state of liision. When these do not thus separate {com 
the coal, they fall on the bars, and, combining with the 
ashes, form clinkers. These particles of sand, flying off at 
a high temperature, adhere to whatever they touch ; and, 
with the duat, and small particles of cinders or coke, cazried 
onward by the cmrent, £11 up the oriflces in the aiiwdistri- 
butor boxes, and, if not removed, ■pcevemt the passage o£ the 
required quantity of air. 

It is now proposed to give instances of Bnch of the modes 
of constrooting furnaces us hare been hit^berto adopted, and 
wbi^^illiutrate any principle, or peculiar mode of action, 
worthy of notice. 



CHAPTER VII. 

OE TAEIOUa EUEWAOE AEBANQEMEKTS, WITH 
OBSEBTATIOfTS XHXBXOIT. 

The following remarks on the pecnliaritaes <^ the aerend 
plans of fomaees here shown, are the results of practical 
obserrations extended over a series of years, and may hora 

be useful, as indicating what should be avoided, as well as 
provided, respecting the admission of air : — 

Pig. 41 represents one of the modes first adopted, under 
the patent for the Argand furnace of 1839 ; introducing the 
air in numerous jets. This was applicable to land boilers, 
where ample spacf was afforded for the perforated tubes, 
made of fire-clay, or cast-iron ; and was first adopted at the 
water-works in Liverpool, In this application the ineon* 
venience arising from the sand and other matters in an 
incandescent state, adhering to, and closing the orifices, was 
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considerable. IHie i^hm, aa already noticed (from Dr. XTre's 
Dietionuy), was then Batratitute^ and has continued ever 
since in active op^tion at those works. 




The following are priacipallf connected with marine 
boilere: — 
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Fig. 42 repreeentB the ordinary marine furnace. No pro- 
TiBion nrhatevOT is here made for the admission of air, 
except from the asli-pit, and throngli the ban, sod fiiel on 
them. It is needless to add, that, &om the abaence of air 
to the gas, a large Tolmne of smoke must here necessarilj 
be produced. 

Kg. 42. 




!Fig. 48. Parkea* Split Bridge. This plan, patented in 
1820, waa efiectire when the consumption of coal and the 
generalnon of gaa -were small and uniform; of when the 
furnace vraa laige, and hearilj charged, to last for six or 



Vig. 48. 




'eight hours, 'with slow eomhostion. The generation of the 
gas being uniform, and the demand for air moderate, the 
supply tihrongh the nocrov orifice in the bridge was suffi- 
rient. This plan has formed Hib bams of aereral re-inven- 
iiontj the Bttentees ^ther not being aware of if^ or not 
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acknowledgmg the eoiiroe of the effieot for Trliioh Vbsy took 
credit. 

Pig. 4*. 




Pig. 44, This adaptation of the split bridge in marine 
boilers was early made, by the then Engineer of the Duhlia 
Steam Company, to avoid the collection of ashes in the 
lower shelf of the air-orifice, by which the passage of 
the air was obstructed. The furnaces being charged at 
short intervals, and the combustion rapid, the supply of air 
yras insufficietit. The aperture at the top of the bridge was 
liable to be choked with ashea and small coals, occasionally 
thrown over. 



"Vlg. iS. 




Pig. 45. This change -vns not found effective. The 
second opening for the admienoil of air, at the end of 1^ 
bars, was quite irregular in ita aoHfm.'^ It was also found to 
interfere with the action in the split bridge; the airp«- 
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fening, at certain states of the fuel, to enter by the open 
ipace at the end of the bars, as the nearest and hottest 
comse, vhraieTer that place was uscorered. 

Kg. «. 




Vig. 4G. This ma adopted in a ateamer of large power, 
and was intended to remedy the evil as stated in the last 
figore. The aperture being made lazier, the air ent^d 
too modi in a masB, and produced a cooling effect ; and 
mnch fuel was also wasted by falling through into the 
ash-pit. This was eobsequently altered to tfie plan here- 
after shown in Fig. 51 ; the bars being reduced from 7 feet 
6 inches, to 6 feet, and with good effect. 



Pis. 47. 




Fig. 47. This arrangement remedied that of the . pre- 
ceding, by saving the fiiel thrown to the end ; and which, 
falling on the small supplemental grate, was there con- 
snmed. In ptactice, howsYer, it was less effisctiTe as to 
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generating steam, and irregular in its actioO] and was tbvj 
destructire of the bars. 

Fig. 43. 




"Fig. i8. This plan, adopted in 1840, vras one of the firat 
applied to marine boilers, on the priooiple of tlie Argand 
famace, 'bj which the air was made to enter in divided 
streams, through the apertures in an eight-inch tube, from 
behind the boiler. This plan was fully effective bo long as 
the perforations in the tube remained open. The small 
ori&ces, each but a quarter of an inch, however, becoming 
covered, and closed by the sand and aalies, tiie supply of air 
was consequently diminished, and the tube became heated 
and dratroyed. 



Fig. 49. 



r ^ 











Eg. 49. This plan, adopted in the steamer, the " Leeds" 
was Tery effective so long as the inclined plate and its 
munerooB oriSces remained perfect. As, howerer, it also 
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became clogged, or covered with coal, thrown over during 
charging, it warped, and hecame injured. 



Fig. 50. This alteration was made in the same hoiler, to 
counteract the evil above-mentioned. The bars were 
shortened from 6 feet to 4 feet G inches. The air was 
here introduced through a plate pierced with half-inch 
holes. This was quite successful : ignition and combus- 
tion were complete ; no smoke formed, and the diminished 
combustion of fuel waa considerable. The box, however, 
set in the bridge, was too small, and therefore liable to 
become filled by the ashes carried in by the current Scorn 
the aah-pit; and the stokers neglecting to keep the air- 
apertures &ee, there mm no dependence on its action. 



Fig. £0. 




Kg. 51. 





I 



IZL 



Mg, SI. This arrangement, which remedied the above 



ASO THE paEVENTION OF SMOKE. 99 

defects, was adopted in the eteamer, the " Princess" and 
also in the " Oriental " and " Sindostan" employed in the 
Mml Bervice ia the MeditraranflKa. Fedbofc 00011)1161000 of 
the gas 'was effected, and, coiiBegaentlj, no &rnta1aoii of 
smoke. The numerous orifices ore here removed from the 
direct action of the heat, or the liability to to choked. 
The regulating valre, originally placed on the apertures, 
to regulate the supply, was, after a little experience, 
found to be unneeesaary, and waa removed. This plan 
has become, practically, the most effective, and, during the 
last ten yeoia, has heen adopted in nomeroaB marine and 
land boilers. The coat of th» air*bos was under forty 
shillings. 

Fig. 62. 
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tube laid on the bottom of the ash-pit, to ayoid the current 
of dust, and to enable the air to enter in a cooler etate. 
Thie was found effective ae regarded combuation, but, being 
Btill exposed to the sand, dust, and heat, aa already men- 
tioned, was BubBequendy altered to that of "Pig. 51. 

"Eig. 58. Tiaa wae a tabular boilw, and is here abovn as 
ib came from the maker in 1846. It vss giute ineffectiTe, 
giving mnoh smoke, the tubes also being liable to injuiy by 
the shortnesB of the run. The aii-baz in. the bridga waa 
soon filled with duafc and ashes, as here shown. The grate- 
bar being 6 feet 10 inches long, the flame neceBBsrily 
reached the tubes, doing much injury to the lower tiers. 
This was altered, as shown in Pig, 54. 





Fig. Si. 























!Fig. 54. This is the s^e boiler, the furnace alteration 
being attended with considerable advantage. The bars were 
shortened from 6 feet 10 inches, to 5 feet SJ inches. The 
defect of the short run, and the limited time for combustion, 
incident to tubular boilers, was, however, irremediable. The 
change in the length of the bars alluded to, reduced the 
consumption of coal considerably ; smoke was, to a certain 
extent, avoided, end the amount of steam increased. In this 
boiler there were 206 tabes of 2|-inch area. Engines 190 
horse-power. 
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J^g. S5. This was a Isi^ ateamer of 850 horse-power, 
with taboW boilers. The plfui of furnace here shown 
represents it as it came from the mater. Three lengths of 
bars, 2 feet 8 inches each, Jllled the entire space, leaving no 
room for the adraiBsion of air to the gaa. The consequence 
was, a great consumption of fuel ; a great generation of 
smoke; and much inconvenience and expense, from the 
destruction of the tubes uid face-plate. 



Tig. SS. 




Fig. 56. This is the same boiler. The bars having 
been' shortened, the air-box was introduced into the bridge. 
Notwithstanding the evils of the short nm, the change here 
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made was satisfactory. The importance of keeping the 
air-passage tree from obstruction was exemplified in this 
case. The air-box was iutrodoced in ibe t0er-imler, leaving 
^eJbre^boUer as sbown in Kg. 55. During the vaja^, in 
vliich 00 tons 18 owt. of coal were used in tbe latter, but 
81 tons 16 cwt. were used in tbe former. The engineer 
reported, that " when the gases are pioperlj' consumed, the 
best effect is produced j good steam is obtained and less coal 
used." 
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Pig. 57. This boiler also wss tubular, 17 feet 2 incliea 
long. Engines 370 horse-power. It is here eiowB as it 
came from the maker. The grate-bars 9 feet ; dead plate 9 
inches. The area for the admission of the air was quite in- 
adequate to the introduction of tho neceBsary quantity. 
Thia boiler was then altered as in ^ig. 58. 




Fig. S8. This ia the same large steamer as in last 
nnmber: the air-box being introduced into the bridge; 
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the reBult was a considerable diminution in the fuel used ; 
a better command of steam, and freedom from the nuissQce 
of smohe. 

Fig. 59. 



Fig. 59, This tubular boiler ia here shown as it came from 
the maker ; grate-hara 9 feet 3 incbeB long, with dead-plate 
12 inches. No means for admission of the air to the gaa. 
In this boiler the ran to the end of the tubes being so short, 
the generation of steam depended, almost exoluBivelj, on the 
large grate-surface from ten furnaces. The conmmption 
of coat was Teiy great, and the smoke vraydenee. From the 
Bfaortness of the boiler there was necesaarily but little room 
for improrement. It vas altered as shown in next plan. 
Sig, 80. 
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' !E^. 60. The aame boiler, altered as here described, aUow- 
iog the air to enter by a perforated plate. The inherent 
defecta of the short boiler, and short run, prevented the 
reaUeing much advantage in this case. 




Pig. 61. This plan is here introduced aa showing the prac- 
tical error of suppoBing that the gases could be consumed 
by causing them to pass through incandescent fuel. The 
effect of this plan is to convert the gas into carbonic oxide; 
and vbicfa, from being invisible, created the inpresaion, that 

J 8 
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the " emoie viae haved," It ia needless here to dwell on the 
ohemical error of Bach an assertion. The fallacy of imagin- 
ing that either gas or smoke, from a furnace, can be con- ^ 
sumed hy passing " through, over, or among " a hody of 
incandescent fuel, as already shown, prevailed from the 
days of "Watt to the present. Numerous patented plans to 
the same effect, might here be giyeu, all having the same 
defect, and equally ineffective. 



Eg. 62. 




rig. 62. This was one of the numerous hot-air expedients 
pressed upon public notice, under the illusion, that by heat- 
ing the &\r, " the smoke would he bwmed." A large hollofv 
fire-bar, A, Tras placed in the centre, or sides of the furnace, 
with a rc^olatiing door ibr the admission of the air. The 
Admiralty having 1>een induced to allow this plan to be 
adopted in the Steam Packet, the " Xfrgent," at Woolwich, 
the result waa a total iiulure, and its consequent removal.* 
The supposed heating of the air being a mere assertion, 
made for the purpose of giving an appearance of novelty, 
haviug been wholly without effect, the result was, that it 
reduced the so-called patent invention to that of Parkes' 

• 'Sha" Urgent," Captain Emerson, iMuigtlieu engaged in theMailSerriBe 
ftt LlTerpoal. ihiB Btcamer came uDder my notice. Foe the pnrpoee of testing 
th« eStetB of tiibr hono^-btr, 1 iiad an experiment nude to aaoertalu the 
extent to iridoh tie six nught lie heated, and finind jid pen^itable inoreue 
of heat coald 1w oUsiued by it. 
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SpUt &idge, vith all its duadmntBges irhm applied to 
marmeJioileES and large fiimaces* 

Kg. 63. 




!Pig. 68. This was anotlier modification of the Split Bridge 
plan. Mr, "West, in his published Beport, on the methods 
aubmitted to the Public Meeting at Leeds, in 1S42, described 
this in tho following terms : " It consists of .1 regulating 
valve, by which air is admitted into a passage through the 
bridge (tho split bridge of Parkes' expired pntcnt,) for four 
hours after first firing. 3y this time tho coal is coked, and 
the valve shut the remainder of the day." It ia manifest 
there is nothing in this plan beyond the split bridge, accom- 
panied with the mode of firing and slow continuous combus- 
tion applicable to it. 
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Fig. 65. M. Fedet gires this as one of Oboater's 
patents, was also tried and abandoned in Prance. 
It Till be aeeu that tbis is hai a modification of tbe former 

plans. 

Pig. GO, Tliia 13 another of the so-called hot-air plans, 
although it is uothiug hut the split hridge with a Bupple- 
mental grate, as adopted by Chanter and others. The 
Patentee profesaes to have the air " intensely heated" by the 
handful of scoria, or eioders, which fall ou the supplemental 
grate. This plan being much pressed on public attention, 
the Patentee's own inflated description is here given, than 
which nothing can ba more erroneous in a chemical point 
of view, or more nnwarntnted in practical efiect.* 

!Fig. 67, page 110. This is another of the hot-air plans, 
aa giren in "iSx. Wheat's Sammaiy. The air is here supposed 
to be heated by paasiag through the vertical tubes a, placed 
in the flue, and thence through the passage h, entering the 
furnace hy a single orifice, p. It is only necessary to observe, 
that it would be .impossible that one-fourth part of the 
required quantity of air cpold there obtain access, unless by 

" " It will be seen that the invention conaiBta in the combination of two 
sets of fixed firc-bara, the first of which is chief!; fed by tlio scoria, and 
cvadert voided from the second or upper aet of fire-bars, with a calorific 
plate, the face of which may be protected by a few fire-bricka ; by which 
arrangement, the current of air entering at the lower part of the furnace, 
poises ihroiufk iwo strata of fire, and thence between the calorific plate and 
the bridge, and is thus to intmidy heated as conivtmoaily to produce the 
entire amlmitum <if tie gaseoKi prodseCs tjf the fail, and to pievent the 
ordinary fomation of smoke. It Is, In efEaot> a double f oniaoe, oonfined to 
the limits of, and economicallj applioabts to aaj oommoii description of 
fdinace : has all the advantnges otaluA Host mthoui the cost of my pnea- 
iiuuie apparaias ; is so contrived as naifbimlj to diBtribal« and iieep up 
the requisite heat in boilers of whatever ftem ; uid, whi]at moat effectn- 
ally preventing tlie annoyance of smok^ and the usual deposit of eoot in the 
fines, it causes an average Bavingof at least 20 per ccTit. ia the quantity of 
fael consumed, and also admits the snhstitution of ILc clieapest for tliat of 
a dearer quality, and of small instead of large coala, aa farther means of 
reducing the expense of eonsomption." 
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SO eolai^^ tlie oiifice aa to {ffodnce a cooUiig eSecAi, by its 
then entadng e» matte. Mr. West states, that tbe Fat^itee 
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" claims the right of using hot air for the purpose of con- 
BQming Bmoke, in whatever manner the air may bo heated." 
This daim, it may safely be stated, none will be disposed to 
diBpate. 
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It Bcems sfrange that th^e numerous adrocatea for the 
use of hot air, m ordinary boiler-furnaces. have given no 
information &3 to the degree of heat which thej would give 
to the air. nor the means hy which this heat would be 
imparted to it. They haye made no experiment to test 
either : neither have they giTen any grounds for suppoBing 
that the air, when heated, would be more eftective. 




112 



TOE COUBCSTIOir OF CO±J, 




Eigs. 68 & 69, pp. Ill, 112. This plan, aa in Jig. 68, with 
the sectional view, is also taken &om Mr. Weat's Som- 
maiy, and is liers introduced with the view of further 
pointing to the hot air, and " smoke-huming" &SIacj. Tba 
following is the description given by Mr. "West: "The 
smoke, after having passed along the flues marked F, is 
intended to be caught hy the fan H, before reaching the 
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damper G, and, along with a sufficient quantity of atmoa- 
pheric air, is propelled along the return flue I, into the 
enclosed ash-pit K, where it is again forced through the 
fire-grate C." It is not necessary to add any comment on 
irhat is so wholly opposed to chemistry and nature. 

The plans of Brunton's revolving grate, Juke^g moving 
hsrs, or Stanley's self-feeding apparatus, need not here be 
described.* There is in theae no pretension beyond what 
they can perform ; eacli acts' the part intended, and, 
wherever there is room for their introduction, and that 
the uniform amount of heat produced by these means, lalla 
in with the requirements of the steam engine, and the 
manufacturer, these wUl answer the desired purpose. 

"We must here observe that these plans are inapplicable 
to marine furnaces, or where large quantities of Bteam, and 
active and irregular firing are required. 

The simple ope^tion in these is, the keepii^ ccmtiniioUBly 
a thin tttvium ^ fuel on the hart, snd, consequently, an 
abundant supply, and eren an excess of air, through it, to 
the gases generated inannall quantities over every part of 
the fuel. Neither must we be led to suppose, that they 
effect a more economical use of the fuel. 

In an inquiry on the subject at the Society of Arts, much 
stress was laid on the annual saving by the use of the 
moving bars, at a large establishment ia London. It 
appeared, however, that the saving arose, not from any 
more economic use of the fuel, or the generation of more 
heat, or by a more perfect combustion, hut merely from the 
circumstance, that the mode of feeding the furnace, and 
keeping continuously a thin stratum of fuel on the grate, 
enabled the proprietor to use au inferior description of coal. 

■ Stanley's appEtratos was early applied on board tlis Dublin Steam 
Compauj-'K vessel, Uie "Liverpool." Independent of its inccmvement bulk, 
it woa wholly defective, when applied to large tbrnaoes, requiring tiie most 
active finng, and the in^olar demand for steom incidental to marine 
Iwileta. 
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In the caae of boilers already couetructed, it may be 
asked bow they Bhonld be altered bo as' to admit; the 
retailed sapplj of air. la Imd ioilers, 'where the fumaoe 
dooiB flE0 sat in briek, they may easily be enlarged, and at a 
small cost, to - allow space for the requisite number of 
orifices, the a^r^ate area of wliich should average fire to 
six square inches for each square foot of grate-bar furnace, 
according to the description of fuel. 

In marine loilers, however, tlie enlargement of the door 
end ia troublesome. "Where sufficient space cannot be 
obtained, it will be advisable, in addition to as many half- 
inch orifices as can be inserted in the back plate of the 
close door box, or in the neighbourhood of the door, to intro- 
duce the ordinary perforated air-plate, as already shown 
in Kg. 51. This was the mode BucceasfuUy adopted, in the 
present year, io the mail steam-packet, the "Llewellyn" 
Ihe boilers bedng new, and the maker not having allowed 
Bpace snfficient for door-iiame plates of the required size, 
the deficiency was supplied thmngh the ordinary pecforated 
box in the bridge. , 

The boilers previously in this vessel woto remarkable ibr 
the continuous volume of dense smoke: the new boiler, 
independen% of the absence of smoke, supplies more steam 
with a lera consumption of coal. The contrast between the 
two modes of constructing furnaces, is well exemplified in 
the following extract from the report of 5Ir. Joseph Olarke, 
the Engineer of the Dublin Company, to whom this vessel 
belongs.* 

*'"The Holyliead mail steam packet, ' Zteuidlynf' having nowbeenat 
mak fhiee months with new boilers, I have to transmit yoa the resnlt of 
thdr performaDcea. This vessel has two boilers ; one before, and the other 
abaft the engines. Their cooatruotioa are preciself the same ; eacli having 
siifntnaoes. Both have nil their furnneo fittings CMOtiy the snme. In 
order to put the smoka-prerention principle in contrast with tlic ordinary 
mode, tha fore hoihr was allowed to remain as it camo from the maker, 
while the afier one bad the door frames of eaeh of the furnaces (which are 
made villi box month pieces) perforated with 119 holes, each ^ inch 
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Kg. 70. 




In illustration of the alteration which sliould be made in 
marine boilers, Pig. 70 represents the usual mode of con- 

aUmeter, to adinh the air, Xhese not lidsrsUEb^urt, ihe perfbiated 
plate behind the bridge was added, in which there were 821 boles— in all, 
470 boles ; tbe gross area of whiali is eqnal to about 5 sqtiaro iuches for 
eacb square foot of fire griite. The result is, tbbt the faro boiler gives out 
a continuous volnme of dense smoke, and tbo after oue none -wLatcver. It 
is quite remarkable to aee the steam blowing off from both boilers, and 
smoke only from one. I know nothing that could be more demonstrative 
of a principle tlwD tbo contrast between the two boilers in this vessel. It 
attracted the attention of the passengers, and I resolved, tbereforo, on 
leaTing the two sets of fomacea as the; are fot soma time longer, to afford 
the pablk the oppnrtimity of seeing that smoke prevention is piactteaUe. 
When the veuel can he spared, it is mj intention to moke the fomaces of 
hath btulers alike." 



116 



THE COMBUSTION OP COAL 



tracting the door end to the mere eizc of the door frame, as 
at a. Fig. 71 repreaentB tlie mode of enlarging the opening, 
both at the eides and above the doorway at h, to allow 
of the introduction of a sufficient number of half-inch 




apertures, as shown ia Pig. 72. It is here worthy of 
note, that as the ordinary mode of constructing the door 
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end maiine boilers is diEBcnlt and ezpensiTe, as Bhown ia 
"Eig. 70, tha mode shown in !Fig. 71 is ao much mora simple 
as to cover all tlie oatiay for the air boxes shown in. the 
next figures. 

Pig. 72 represents one oF the modes adopted wliere the 
boiler had been originally constructed to admit the required 
number of orifices. This has been iu aucceasful operation 
for acme years, and without requiring any repairs. In this 
plan it will be seen that air boxes are introduced at the 
sides and above the doors. The air entering to the upper 
box at a, and to the side boxes at h 5. (The left repreaent- 
ing an outside, and the right an inside view of the orifices.) 
In the centre is a sliding plate P, by which, alternately, the 
right OF left hand upper orifices may be oloaed, when either 
fiunaces are about to be charged. 

As much stress has been laid on the v^ue of having 
skilfid firemrai, it is important to show in what their real 
duties eonsiBt. The annexed figures will explain the differ- 
raice in efieet between the right and the wrong mode of 
charging a furnace. 

Fig. 73. 




I!ig. 78 represents the proper mode of beeping a muform 
depth of coal on the grate-bars ;— the result of which will 
be, a unifonn generation of gas throughout the cIuH::ge, and 
a uniforin temperature in the flues. 
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Fig. 73a. 




!Fig. 73a repreaents the ordinary mode of feeding marine 
furnaces : ctarging the front lialf as high, and as near the 
door, as possible, leaving the bridge end comparatively bate. 
The result necessarily is, that more sir obtains accees 
through the uncoTaced bars than could be required ; thus 
defeating all efforts at introduoiiig the propra quantity in 
the proper manner. 

One important advantage arising iiom the control of the. 
quantity of air is, that it enables the engineer to shorten 
the length of the grate by bricting over the after end of the 
bars, seeing that an unneceBsary length merely givea the 
means of letting an improper supply of air pass in through 
the uncovered bara. 

The facility with whicli the stoker is enabled to counteract 
the best arrangements, naturally suggests the advantage of 
mecTtanieal feeders. Here is a direction in which mechanical 
skill may usefully be employed : — the basis of success, how- 
erer, should be the sustaining at all times the imiform and 
snf&dent depth of fuel on the bars. 

Although the combiwtion of the gases in locomotive 
boilers does not come Trithin the scope of ' these remarks, 
the peculiarities of the boiler, as shown in I^g. 74, are so 
illnstra^ve of the principle of admitting the ast through 
numerous orifices, that it here merits attenMon, 




Bailwaj Company, and was adcqpted in tlieir locmnotive, ilie 
" OonAir" Bj tlds airaD^inent he was enabled to ose eo<A 
instead of coke, and with entire snccesa. It will here be 
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seen that the air enters from a separate passage to a numher 
of vertical perforated tuhes, {com which it passes to the gas, 
in a lai^ auxing or combustdon chamber, through namerous 
BtnftU orifices. The result is, immediate diffusioii and com- 
bustion. The deflecting plate, to a cratain extent, oounteiv 
acts the short run, or distance to the tubes.* 

In conoluding these obeerrations on the variona modes of 
introducing air to the fumacea, it is only necessary to add, 
that by attention to what is here stated, manufacturers 
may become independent of " amolce-'burniag" patents. 
All tliey have to do is, to imitate, as near as possible, the 
principle of the common Argand gas burner. Let them 
introduce the air hy numerous small orifices to ihe gas, in 
ilie furnace, as the gas is introduced hg small orifices to tlte 
air in tlie hurner. Tfiey ^rant no aid from any patentee. 
Let them begin by haying as many half, or even three- 
quarter, inch orifices, with inch spaces, drilled in the door 
and door frame, as possible. If the furnace be large, and 
the door-plate frame is not sufficient for the introduction of 
the leq^uired number of holes, let them introduce the per^ 
forated plate in the bridge as shown in Jig. 51, and as 
described by Dr. Tire in his Dictionary of Arts, last Edition 
title, " Smoke Nuisance." 

* A, deflecting ^te; B, oomlnulioit oluunbw; 0, commoii coal fire; 
D, cold air passage. 
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CHAPTER Vm. 

OS IHH PBOTlSIKa ADSQf AIE IKIBBKiX SmifACE HOR 

TSJJsamTnsa ibx hbat to ihb watiq ro£ btafo- 

BA.TIOIT. 

On this head, marine boiler-makers content tliemselTes 

Tvith calculating the gross internal superficies ; and having 
provided a given number of square yards, of so called heating 
surface, tliey consider they have done nil that is necessary 
for providing an adequate supply of sli-nm. 

This might be sufficient, were there any ground for 
assuming that a square yard of surface possessed a given 
evaporative power. Nothing, however, can bo more vague, 
and, practically, more deceptive, tliau the supposed lieat- 
produeing value of a square foot of grate-bar, or the he&t- 
transmittiag power of a square yard of internal sut&ce, 
both being, momentarily, subject to numerous influencra 
connected with time, temperature, current, and pontacoi ; 
, and the ever-varying adnussion and action of the air. 

At present, practice and theory ture utterly at variance on 
this matter. Take, for instance, the separate surfaces of the 
fire-box and tubes of a locomotive boiler, a square yard of 
the latter having but one-third the evaporative effect of one 
in the former. Indeed, many instances might be given of 
the evaporative effect being increased by the removal of 
many entire tiers of tubes, and even by a large diminution 
of the gross area of surface. 

As to general efficiency, the fitie system is capable of 
supplying all that can be required, while it is free from the 
anomalies incidental to the multi-tubular plan. When 
larger quantities of steam are required for larger engines, 
this can be best obtained, not by additional tiers of tubes, 
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but by extending the areas and length of run ; thus 
increasing the number of units of time, distance, and surface, 
along which the heat-transmittiiig infiuence may be exerted. 
It is a mistake, then, to suppose that the mere providing a 
large aggregate ofstirface can compensate for deficienoj ia 
the run, or tlie want of suffideut iime. The heated products, 
irill not, and caiinof; be forced instantaneouslj to E^iead 
tbemsdree over the aggregate of surface that may have 
been provided. 

Among the influences vhich affect the transmitting 
power of any given surface, none are greater than the 
velocity of the current through the flues. The products of 
combustion being at a high temperature, are found to take 
the nearest, hottest, or shortest course to the fanncl,- — enterinq 
the loicent tier of tubes Ji3'st,~Tegari\\esa of whatever surface 
may have been elsewhere provided; in fact, passing through 
but a limited number of their ranges. 

It ia an error then to suppose, that by presenting addi- 
tional series of tubes, we can compel the gaseous products, 
hurrying to the funnel, to occupy them, or go out of their 
way, to take the course we may please to dictate. "With 
equal consietency might we expect that the rapid course of 
a river stream would be eased by providing additional snr&ce 
in some adjoining district; but through whidi l^e direction 
of the current would not lead it. Lineal distance, or length 
of run, along which the heated products pass, is the most 
important, though the most neglected, element in the calcu- 
lation of surface. 

Among the modes of providing adequate internal surface, 
none have led to greater errors than tiie endeavour to make 
smaller and shorter boilers do the duty of larger ones, and 
supply steam for larger engines, by the adoption of the 
multi-tubular system. The result has been, a less perfect 
combustion ; a larger development of opaque smoke ; a 
greater waste of fuel and heat ; and a more dangerous 
application of it. Where increased power was employed, 
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and a larger supply of Kteaiii was required, instead of pro- 
viding a corresponding enlargement of the boilers, engineers 
haye inconsiderately adopted the locomotive itibular principle, 
apparently for no other reason than that it was smaller, but 
■without considering the irreconeileable differences in the 
two services, and the peculiarities incident to each. Not 
finding that the enlarged aggregate internal tubular surface 
produced the expected increased quantity of steam, they 
Itad xecaurae to the otflier alteeaativs — the eniarginff fA« 
areas of the fiimaeeg, and inareottBg fheir iwindwv- the 
generation of the steam almost exdasiTely depending on 
^opiate surface in connection with tTiem, 

The adoption of ths tubular system in marine boilers 
was also accompanied by this anomalous proceeding ; that 
while the areas of the furnaces and grate-bars were enlarged, 
more fuel necessarily consumed, and more gas generated, 
neverfchelcaa, the timr, anil disiance allowed for the trans- 
mission and absorption of the increased quantity of heat 
generated, were both actualhj diminislied. 

It is clear, therefore, that in theso arrangements all the 
requirements of nature were disregarded. All merged in 
the one consideration, — the diminishing the size of the 
boiler, increasing the area of the furnaces^ and providing a 
larger ag^egate internal amfaee by the tubalar system. 
The question, indeed, seems never to have been raised, 
whether that additional surface was ever, or to what extent, 
brought into action.* 

• Under the bead of "Want of general princtpleB in tike constmction af 
marine boilers," Dr. Lar<lner jnatly obserrea, "there cannot be a more 
strifcing proof of tbe ignorance of general principles which prevoila respect- 
ing this bnosh of Bteam engioaeriiig, than tho endless variety of foims and 
proportions irbicli are adopted in the boilers and furnaces which are con- 
structed, not onlj bj diifcrent engineers, but I y the ".ame ciiiriiieere, for 
Kt^amers of like power and capacity, nnd eviii Tur ll.v !v:ti;i' -Itiimer at 
diifereut timcB.'' He then adds, "The (ui-Kial of the Great 

Wettem built for the Hew York and Briatoi voyage, was of the flue tort; 

a 2 
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As to the importance of ti7ite and distance, in connection 
■with surface, it is only necessary to point to the length 
qf the flame, in ordinary boilers, that being an unmistakeable 
eTidence of the duration of the process of the combustion of 
the carbon ; and -which process cannot be interfered with, 
unless by the loss of that heat which would have attended its 
completion. 

The followiog experiment will give a sufficiently correct 
view of the duiatiim of thia process, and what ought to ho 
the distance and snxfoce aUowed to take up the heat. In 
this case, the boiler waa 15 feet long; the furnace 4 feet 
S inches, with a returning upper flue. The air was properly 
au^lied, the combustion perfect, and no smoke generated. 

. I-englli of Same after 
ajrtA iXBrgt. 
AAer 5 minutes, 10 feet from the biiilge. 



During the last ten minutes, the flame ceased to be that 
of eoal-gaa (carboretted hydrogen), and had become that of 

tliese were subaequently taken out and replaced by taivlar boilers ; tbe 
dimeQEions and relative projiortionii of these two sets of boilers were aa 
folloira." — He then pves in detail nil the particulars, the leading points of 
irbichsre as follows : — observing tliat "this vessel was less efficient with 
the second set of boilers ." 



Originnl Boile 



[|iid Boik 



Nominal hotne power 
Total heating BOT&ce . . 3840 square feet. 7IE0 square feet. 
TMs is mffident to prove the fallacj of a I.irge aggregate of heating 
Btu&Bs, The first b^ler, which was a good steam prodacer, bad 9 
square £eet per barse power; the aecond, the tnbnlar one, abcrnt 17 
ieet — nearly double — yet fhe generation of steam was inferior in the 
latter. 
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co&e-ffos (carbonic oxide). Tliere could be no mistake ia 
this, the colour and character of the two gasea being so 
diiFerent and well defined, as may be clearly observed 
througii the sight holes, placed opposite the furnace. 

Had this been a tubular boiler, the run from the furnace 
to the funnel, instead of being 36 feet, would not have been 
one-tenth of that distance. The flame, which at one time 
we see extended to 22 feet, niuat necessarily have been 
violently cut short and extinguished ; or its heat expended 
in the chimney. The atoms of carbon, would have been 
converted fcom the inaondeseent state of flame into the 
black element of smoke ; heat; would have been lost to the 
boiler, and the tubes would have become lined with the 
non-conductor soot. 

If the flame passing from a furnace he clem; the combas- 
tion may be considered as complete, and the full measure 
of heat obtained from the fuel — the pyrometer indicating 
the available amount of that heat. Mr. Dewrance states, 
respecting a land-boiler, properly fitted with the perforated 
air distributor :— " We have a clear flame along the flues to 
the distance of 30 feet from the fire, and the flues at that 
distance are quite hot ; previously to the admission of air in 
the proper manner, this part was quite cold." Now, had 
this been one of the usual short marine tubular boilers, what 
would have been done with this flame, or the heated pro- 
daots passing from it? and of what avail would have been 
the surface of the series of small tubes ? It is manifest, 
then, that this queslaon, as to the lei^h of the flame, axti 
the demand for lime and distance was not sufficiently con- 
sidered, when the tabular system was introdooed into 
marine boilers, minff coal, in iioitation of the locomotive 
min^ coke. 

Again, in addition to the heat obtained by direct radiation 
from the flame, we have to consider that large quantity 
which would have been given out by the gases, if their 
eombuttion had leen con^Jeted. It may here be observed 
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that it IB the obt^ning the service of the heated prodacts 
by an adequate run of flue, with auflicieiit time and surface, 
that characterises the Cornish boilers. In these, the main 
feature consists in generating, by slow comiuslion, no more 
heat than can be talteii up, and transmitted to the water. 
Ill this respect, theu, it is the direct reverse of the tubular 
Bystem. In the former, there is slow combustion, — a conti- 
nuous small development of combustible gas, — a long run, — 
abundant absorhing surface, — a moderate rate of current, — 
&ee access of the water to the flues, — and sufficient time to 
enable tbe sur&ee piste to do its duty; — added to the 
adoption of ever/ possible means of preventuig the loss of 
heat, eztemalljr, bj dothing tbe outside of the boiler. 

In the nArine ttAular iaUer, on the other band, evetytbing 
is tbe Teverse. l%ere is the most rapid combustion,— the 
largest and most irregular development of gas, — a rapid 
current, — a short run, — a restricted and imperfect circu- 
lation of the water, — and a total inaihqitacy of time for the 
transmitting and absorbing processes, with a great waste of 
heat by radiation from the boiler. 

Another serious evil of this tubular system, and its short 
run, which carries the heat away so rapidly, is, theover-heatei 
state of the funnel and ateam-ehest; and the consequent 
danger to the part of the vessel in their immediate con- 
tiguity. 

The cause of such heat in a situation where it can be of 
no avail for tbe purposes of evaporation, has not bean suffi- 
ciently inquired into. To this oircumtanoe, withont doobt, 
was attributalde tiie destmction by fire of the jisuuion 
Bteam-ship. eicesHive heat of liie lower part of the 

fiume], tiie take-up and stoanKchest, — hoth o/whieh were in 
that vessel wider deck, — created a source of danger which 
does not exist in vessels where both are aiove the main 
deck. 

With reference to the availability of the tubular surface, 
even the horizontal position- of the tubes, uid their being 
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xonged ia tiera above each other, ia pecnUarly mt&voia'ble. 
The low^ tiers preeentuig the nearest opening for the 
escape of the heated gf^eous products, are first occupied, 
and at an accelerated rate of progress. 

Mr, Afcherton haa giren the most convincing proof of the 
■waste and danger of the tubular system. Speaking of the 
combustible gases evolved from coal, he observes that " after 
having passed through the tubes, the proceeds from all the 
different furnaces become collected in the up-tahe and 
funnel ; and being there combined and mixed together, thet/ 
burst into useless combustion, frequenily making the funnel 
red hot." This is unqueatiouably true, but it only shews 
that the combustible gases must have passed through the tubes 
tmconsumed; and having, in the smoke box, encountered the 
air (which should liave been supplied earlier), htrst 
into uteless combustion" 

But there ia a more important reason far the large 
" sectional area" in the flues vrhioh haa not been referred 
to bj writers on the subject, viz., that it is absolutely 
essentia], chemically, to the completion of the process of 
combustion and tlie disposing of the products, of which water 
is so large a one, na will be shewn liereafter. 

In calculating the effective KUrface, then, it should be 
taken with reference to the length oftlie road, so to speak, 
along which the heated products liave to travel in their 
hurried course, rafclicr than to tlie hreadth, or enlarged 
areas, which may be laterally or accidentally provided, but 
which are practically not used or available. 
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CIIArTEK IX. 

OF FLAME, AND THE TEiCPEILiTUUE REQUIRED POH ITS 
rKODUOTIOIf AKD COHTISDAHCK, AHD ITS MASAQE- 
IMEKT Df THE FUEKACES ASD FLUES. 

T£BATi5a of tlie temperature required for the combuBtion 
of carburetted hydrogen gas, is Tirtually treating of fiame, 
Trbich is the firat product of that combuation. On thia 
■object we may take Sir Homphrey D&yy a& our gaide, as 
he made it an object of each special inquiry. In his 
** Sesearcbea on Mame," he observes, "I shall proceed to 
describe the origin and progress of those investigations 
■which led me to the discovery of the priuciples by which 
dame may be arrested and regulated. I first began with a 
mmule chemiciil examination of tlie stilstances icitli which I 
had to deal.'' So fnr from adopting tlie same rational course, 
though dealing with tlie same subject, writers of the present 
day begin witli calculations respecting Wm: proportiona trfthe 
vessels into which the several substances are to be intro- 
duced, while they omit the "chemical examination ^ the 
tubatanca" th^selves. 

Having, after numerous trials, ascertained the eohtme of 
air required for the combustion of the gas, he next treats of 
the tempe>-aii!!-c req\iivi:d for the production of flame; that 
ia, for igniting the given mixture of gas and air, which he 
calls an " explosive mixture," " This mixture," he observea, 
*' was not exploded, or fired, by red hot charcoal, or red hot 
iron ; it required the iron to be w?iite hot for its inflam- 
mation." 

Tliat tliis heat ia required for the ignition of the first 
mixed group of gas and air to which it ia applied, we have 
daily proof, when, to light the gas in our apartments, we 
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apply the heat of a separate flame before ignition takea place. 
This 13 confirmatory of the high temperature deserihed by Sir 
H. Davy, since, aa he obsen'es, " tho temperature of tvliite 
hot metal is far leloio that of jlame." iXow, in lighting the 
gas from our burnerSj we are apt to overlook the all import- 
ant fact, that it ia not tlte gas which we ignite, but the 
mixture of gas and air. On the taper being applied, explosion, 
or sudden ignition, then takes place of just so much, or so 
many groups, of the gas and air, as have obtained the neeessarg 
atomic contact, and no more. 

That a high temperature must, unintermittiugly, he main- 
tained in the chamber part of the furnace, will at onco bo 
imderstood, when we consider, that flame, continuoua though 
it sppe&cs to be, its bat a rapid Bucceasion of eleotrie explo- 
sions of atoms, or groups of atoms, of one of the constituents 
of the gas — the hydrogen with o^gen; and as rapidly as 
their respectiTe atoms obtain access and contact with each 
other ; the second constituent — tbo carbon — taking no part 
in such explosions. Whatever, therefore, interrupts this 
succession ; (that is, allows the ezpIosioiL of one group to be 
terminated before another ia ready, and within the range of 
its required temperature), virtually causes the flame to 
cease ; in ordinary language, puts it out. 

Agaiu, if by any cooling agency we reduce the tempe- 
rature bdow that of accension, or kindling, the effect ia the 
same : ike euceetsion is broken, and the continuonsnesa of tlie 
flame ceases ; as when we blow strongly on the flame of a 
candle, by which we ao cool down the atoms of gaa that 
they become too cold for ignition, and pass away in a 
gray-colonred vapour; bat which, by contact with a 
lighted taper, may again be ignited, and the Buccesaicn 
restored. 

Thus we see there are two modes by which flame may be 
interrupted, that is extinguished ; both of which are momen- 
tarily in operation in our furnaces, ^afc. By the want of 
successive miztare or groupings of as and gas, 2nd. When 

0 3 
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the gas is reduced in teinperattire by cooliog agencies, as 
will hereafter be sbown. 

Luminosity ia not an element in the generation of flame. 
It is merely the result of the presenee of some other and 
soUd matter — the degree of luminosity being in propor- 
tion to the quantity and temperature of such solid matter- 
In the combustion of coal gas, flame ia caused by the union 
of the Ttydrogen with atinoapheric oxygen, the heat produced 
being intense, raising the carboD, if present, to the atate of 
incandeacence, and producing the effect of luminosity. Here 
"we tna/ admire the wonderful adaptation of nature to human 
Trants. Without the hydrogen there irould be uo heat, and 
without the carbon tiiere would be no light. The luminosity 
of the incondescenfc CBrbon, tYisa, ia the mere result of that 
high temperature which ia essential to its own subsequent 
combustion, or chemical union, with oxygen. 

Let this fact, then, be borne in miud, as it indicates the 
cardinal point of the whole process in o\a fiaiiacea, namely, 
that it is not tlie gas, but the mixture, the compound of gas 
and air, that is ignited, and which produces the flame, with 
ita heat and luminosity. 

This necessary condition of mixture clearly exposes the 
error of supposing that the gas may be ignited or consumed 
by being made to pass over, or in connection with the red hoi 
jiul. Sir H. Dayy hsa show that no degree of heat will 
consume gas — combustion being, not the beat in the gas, but 
the ehmiieal union of ita constituents with the oxygen— niiip- 
ioff being but the preliminary op«ation of hring^g tluwB 
constituents and the supporter 'of combustion into atomic 
contact, orwithin the sphere of chemical or elwkno action. 

The two essentiaU of combustion being laid down by Sir 
H. Davy, viz. — temperature and contact, he then considOTS 
the management or treatment of the flame, and the means 
by which it may be effected or extinguished. He statea, that 
on mixing one part of carhanic acid with seven parts of tke 
mixture of gaa and air ; or one part of nitrogen with aix 
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parts -of the mixture, their powers of expiation were de- 
stroyed, — that is, ignition was prevented. Here is a fact 
never to be lost sight of, inaBmuch as its application ia 
called for in every stage of the process in our furnaces and 
flues. , 

Again he obaerves : " If combustible matter requires a higli 
temperature for its combustion, it will be easily extinguished 
by rarefaction or by cooling offenws, whether of solid sub- 
stances, or of Incombustible gases." This is highly instruc- 
tive ; yet, the supplying these very means for extinguishing 
the flame are the characteristics of the tubular system, 
namely, — " destroying the high temperature by rarefaction, 
cooling agencies, and mixing with incomhitstihlo gases.^ ' 

On eiatninfltion of what paBsea in fdmacea imng coal, 
wc see the direct comiecdon betwe^i its ^ect, and what ^ 
H. Savy so dearly points oat as the means of extinguishing 
thefiame. On loolking into a flue loUer firom the back end, 
a body of flame will be seen flashing along from the bridge, 
and if air be properly introduced, extending a distance of 
20 to 'iO feci'. This is the appearand; whieli lias to be 
sustained un/il the process of comlmtioji be comphled, if ive 
would li.nvo the full measure of heat developed. 

Ou the other hand, looking into a tubular boiler, across 
the smoke-box, the light of the flame may be seen through 
the tubes ; but, on entering their orifices, or at a short 
distance within them, it will appear to he suddenly cut short 
and extinguiahed, and converted into smoke, as shown in 
Jig. 76, Plate 4. 

The distance, then, to which flame will penetrate tubes, 
iefore being extinguished, will depend on the rapidity of the 
onraent, — the size of the orifices, — aud the quantity and 
obaraeter of the gaseous products, entering in company and 
in contact with it. These products are — 

Rrom the coke . . oarbonic acid nnd uitrogca. 

From tite gas . . carboiuc acid, uitrogco, and Bteam. 

"Ken we hare the very incombustible gases referred to 
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by Sir IT. Davy, — not even in Bmall, but in very large 
quantities, — forced into t!ie most intimate possible mixture 
with tlie flame. The result necessarily must be, tbe 
reduction of its temperature, and consequent extinguiah- 
•ment. 

Impressed with the importance of the connexion between 
temperature and ignition, Sip H. Davy dwells on the factj 
and repeats, that " flame, whether produced from tbe com- 
bustion of large or small quantities of explosive mixture 
(gas and air), may always be extlngiushed or destroyed by 
cooUng agencies ; and, in proportion to the heat regiUred to 
carry on eomhuHon, to it is the more eanfy deatroged." 

Again, he oInerveB vr-" In reaBcaung on these phenomeoia, 
it occurred to me that the e&bct of carbonic acid and 
nitrogen, and of the surfaces of email tubes, depended on 
their cooling powers ; upon their htcering the temperature of 
the exploding mixture so much, that it was no longer 
sufficient for its coniinuous ittflammation" It is impossible 
that ^i'orda can be more explicit, or more applicable, and 
cautionary, as to tiie consequences of bringing these incom- 
bustible gases into contact with flame. Yet this mixture, and 
these cooling agencies, are promoted in the most palpable 
manner and to the greatest extent, by forcing tbe flame, 
together viith, these gases, to enter the hundreds of long 
Banx)W metallic tubes, with their small orifices ; — thas 
Ending into numerous films, and destroying the body and 
intensity of tho heat, which should have been preserved ; 
since, ss he observes, — " the heat eommtnieated hgfiamemuat 
depend on its mass" 

Under the circumstances of an ordinary ^we boiler, if the 
flue be of suflicicnt ;irea,tlie products of combustion sepamte 
themselves,n3 seen in tlic flame of a candle, and as will hereafter 
be shown. So iu the Sue, the hottest portion, and the flame 
itself, will take the upper part, thus avoiding that unnatural 
mixture with its own incombustible products — carbonic acid, 
nitrogen, and steam ; but which in tlte tubular system are 
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again forced into contact witii the flame from which they 
had separated themselres. 

That the teinperature vnthin the tubes will be reduced 
below that required for continuous ignition, may be tested 
by looking into them through apertures across the smoke-, 
box end, or by introducing shavings or paper fixed to the 
end of an iron rod. In moat cases (unless when the fuel on 
the bars is clear) the paper may be passed in and with- 
drawn, blackened with soot, or unacorched, according to 
the state of the furnace, indicating the low temperature 
vithm the tubes, and their atter nselessneas aa tteam 
genarators. 

In Bpeaking of the erilB of the. tubular syatem, these 
remarks have no reference to ite application in locomotive 
boilera, where coke alone is used, and for this self-evident 

reason, that no hydro-carbon gas or fuliginous flame has 
there to be encountered. In the tubes of the locomotive 
there is, in fact, no chemical or practical reason why the 
heat may uot be abstracted from the products with tlie 
greatest rapidity. 

Looking, then, at the practical effect of these numerous 
narrow orifices, and the diminution of the temperature, 
consequent on its division, it would be impossible for 
ingenuity to hare devised amore perfect mechanical mode of 
effbcting that rapid and intimate contact between the flame 
and the incomtnai^Io gaeet^ described by Sir H. Davy 
as being so injurious to the continuing high temperature 
of that flame, and, in a vrord, so e&ctive in its extinguish- 
ment. 

The inference which this inquiry leads to as regards_ the 
high temperature required, — Ist, for the ignition, and 2ndly, 
for the sustained existence of flame is, that the tubular 
system is chemically, mechanically, and practically a destroyer 
of both. 
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CHAPTEE X. 

or THE CIECTIIiATIOir OF WATEB IS" THB EOIIEB. 
Thib important brancli of the aubject — promoting circnla- 
tion in the water in evaporative vessels — appears to have 
liitherto received but littie attention; yet 
promoting circulation is virtually promotiiig 
evaporation, ilr. Perkins proved by numerous 
experiments how much evaporation vf&B in- 
creased by an imemborrassed action of the 
nscendbg and descending oturaate of the 
water : since then, no forfcher effort baa been 
made in that direction. If sufficient space 
be allowed for the action, the ascending 
and descending currents will of tbemselvea 
take such directions as are most favourable 
for their respective function, as in Il'ig. 77, 
where an ascending current is aeen in the 
centre, and a descending one on the sides, 

Dr. Ure observes, " when the bottom of a 
vessel containing water is exposed to heat, 
tlie lowest stratum becomes Kpccifically lighter, 
and is forced upwards hy the superior gravity 
of the superincwnhent colder and heavier par- 
tides." Here we have the correct theory 
of circulation : no partide, or stratum of 
irater or steam (whatever may be its tem- 
perature), being able to ascend, or change its 
position, until some colder or heavier particle is present, to 
take its place and "force it upwards." This is the rationale 
of motion in gaseous, orfluid bodies, arising from the mere 
inference ofvpedjio gravities. Thns, when we speak of atoms 
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ascending, we must be considered as meaning their teing 
"Jbrced igtwards," — ascending being a compulsory, and nota 
voluntary, act. This elementary new of the motion should 
be kept in view, jis it is the basis of all that follows ; and as 
we are too often led astray when considering the ateending 
body of steam or water, but neglecting that detcendit^'hoi.y 
by which it ia to he "forced vpwards.'" 

In the case of solids, heat passes from atom to atom by con- 
duction, — no perceptible change taking place in their relative 
bulk, weight, or position. In the case of a _^md, the entire 
mntis being put into motion by its intestinal currents, cdrca- 
lation is continued, and ultimately the temperature of 212° 
is obtained, which, has been termed the boiLiag point. 
, We hare now to examine the of mofaonaimdouTEentB 
wbioh ore tbe xesnlfc of this boiling operation. If we could 
suppose that there was no motion among the particles of 
water during the act (^boiling, and that the atoms of steam 
alone rose to the surface on being produced, — in such case, 
circulation would be unnecessary, and the contraction of the 
water spaces in boilers would bo a matter of no importance, 
as water would then be always present on one side of 
the plate to receive the heat transmitted through it 
from the other : such a state of things, however, is contrary 
to the laws which influence the change of temperature ia 
fluids. 

So far as regards the motion iav/aier, previous to ebullition, 
it has been commented on by all writers on the subject. 
The act of boiling, however, creates a species of currents of 
an entirely different and important character. Tljeae have 
not reeeiTed due attention, yet they are the most import- 
ant, insamucli as they influence not only the amount of 
evaporation, but, as 'wiU be shown, the dwt^Uy of the 
boiler itself. 

AVith reference to the movements among the particle in 
water, it is a mistake to suppose they will descend in the 
eame vertieal Unes in which they had aecended, ae a shower 
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of ritin would through tlie opposing atmosijliere. Suck a 
direction would be impracticable on account of the resietance 
of the ascending currents of both eteaui and water, caused 
by ebullition. Thia may be illustrated by the anneied draw- 
ings. Pig. 78 represents a supposititious case of the particles 
of water on reaching the surface, turning and descending in 
the same vertical lines in wliieh they had ascended. Kg. 79 
represents the asrtsnding particles of water yZoitiw^ along the 
surface to the coolest and least obstructed part for their 
descending course. This is what takes place in all boilers. 



fllllilllllll 
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illtli 
Ut: 



"When heat is first applied to water, the uniformity of the 
motion is the mere result of diminished specific gravity, that 
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b^ng then the eole motive power. After ebullition, how- 
ever, a Tiew state of things is created. The columns of rising 
steam obtain great physical power, violently and mechani- 
cally forcing upwards the water which comes ia their way. 
Vertical streams are thus induced, putting in motion a Vody 
of water far greater than would be required for merely taldw] 
the place of that which had been converted into steam. Now, 
aa bodies or streams of water, commensurate with these 
continuously forced upwards, must necessarily return to 
prevent there being a vacant space, it is for these returning 
or dowmeard eurrenta, of what may be called surplut aaier, 
^hB.t we are called on to proride both space and facility. 
Fig. 80. 
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Hhe ^Seremse in tiie character of tke curraniB £0^ir« aod 
if/^ereballitaon aie shown in Ute annexed fignies. These 
maj be well observed is a glass vesHel, of the ahi^ here in- 
dicated, and idiont 4 or 5 inches tride, soapended over the 
flame of an Arguid bamev. iFig. 80 le^esrats the uniform 



Fig. 81. 




motion vhiob taJtea place t^orv ^mllitaon. Fig. 81 re- 
pies^ts the vater ebulliiaon is its' descending and 
reTolving currents, forcing the rising oohmna qf steam atidff 
from their vertical course, as marked by the arrows. These 
motionB, which are not perceptible if the water be &ee from 
foreign matter, will be seen on throwing is a great number of 
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small bits of paper, so as to occupy all parts of the water. 
The entire mass will then be exhibited in violent and revolving 
currents — the ascending steam occupying one side, and the 
descending body of water rapidly descending in some other 
part, but manifeetlj oeeup^g a much larger area qfthe vessel 
<Aan the aseen^i^ portion. 



Fig. 82. 




So great is the ascensional energy and velocity of the 
rifiing ateam, and the extea w»tet finrced befwe it, that 
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nnmerooB globules are borne along by the curreni;, and 
earned even downvards. Tliese may be observed at a. Fig. 

81,'ia tb^ bIow OBcillating motion, struggling 
to return upwards through and against the 
force of the descending water. These move- 
ments are highly instructive, and should be 
well examined, since, without au accurate 
knowledge of ihem, we cannot have a right 
conception of what ia required for giving a due 
circulation to the water, and arranging the 
flues and water spaces iu boilers to enable 
those motionB to be completed. 

The influence exercised by the descending 
body of water vas strikLDgly illnstiated in 
an experimental tin boiler, 12 inches long, 
with a aingle floe nummg borizontally tbrougb 
it, the Tater being heated by tbe flame of a 
large laboratory gas lamp. The boiler being 
open at the top, tbe movements of the steam 
and water were thus aafiertained, as shown 
in Fig, 82. So soon as the ebullition became 
strong, the water spaces round the flue ap- 
peared iiiaiiilicient to allow the steam to 
ascend, and the water to descend, equally on 
both sides. The consequence was, that much 
of the water forced up by the steam on the 
one side, was carried over by its violence, 
and descended on the other, thus making a 
circular course round the flue, and forcibly 
carrying along with it much of tbe steam 
that came in its way. This circular motion 
is shown by the dotted arrows representing 
the steam, and the plun airowB, tAe water. 

"With the view of observing the injorious 
conseqa^ces of restricted water-ways, a very 
UBefol doss of observationa may be made by using a tdl 
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n&iTow glasa as in Pig. 8S, attached to a tla or iron Teasel, 
with a fiat bottom, to receive the heat from an Aj^;anil 
burner, or spirit lamp. 

Here the descending water is so obstructed by the joint 
columns of aBcending sieani and water, tliat both are thrown 
into great confusion : — their respective currents continually 
changing sides, and the progress of evaporation considerably 
delayed. We here obtain a clear practical view of what 
must take place between the flues or tubes of boUers, with 
their usually restricted water-ways. 

The violence and intermittent action which ensues where 
separate oliannelB or anffident space are not available, will 
be well illuBtrated in -the following experiment : Eig. 84 
repi^ents two long glasBes, each 2 inehes wide hy 18 
inchea long, A and s connected \ij means of a ian apparatus 
0 and s, at top and bottom, leaving the commnnicafaon 
open above and below ; the whole being enspended over a 
fSro, or circular series of gas jets producing a strong heat. 
On the heat being applied, a current of mixed steam and 
water will be seen ascending in one glass, and descending 
in the otlier, as indicated by the arrows. There being 
here no confusion or collision, a state of things will be pro- 
duced highly favourable to the generation of steam ; the 
colder water flnding easy and continued access to the heated 
bottom of the vessel at e. 

If, however, the communication between the two glasses 
be cut off by inserting a cork or plug in one of the glasses, 
aa seen at p, Pig. 85, the circulation in glass b will be 
suspended, and the glass a vrill th^ have the double duty 
to perform of allowing the rising steam to reach the sur&ce, 
and the descending water to reach the bottom at z. The 
previous uniform generation of steam will then be succeeded 
by an intermittent action, explosive violence alternating 
with comparative calin and inaction, clearly indicating that 
the latter is only the interval of accumulating force to b© 
discharged by the former. The rationale of this inter- 
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mittent aotion is, that the water being obstructed in its 
descent, the eteara is necesaarily delayed or accumulated in 
the lower chamber, and only diacbarged at intervals. Tlie 
motions exhibited in these intermittent changes are little 
understood, and have not been examined either scientifieally 
or practically ; yet this branch of hydroataties merita the 
most serious investigation in connexioii mth the construc- 
tion of large boilers. 

Again, this accumulated steam getting sudden vent is 
discharged with great violence, literally emptying both the 
glasses and lower chamber. An equally violent, but more 
Budden, ToaoUon of course follows, and a large body - of 
colder water as - suddenly rushes down- to £11- the ' space 
Taeatad. Aa interviil will tl)^ Beoessuiily lid required to 
raise the temperature of this large supply of colder water, 
and restore the previoos state of ebullition. 

Here, then, we have a natural and physical cause for the 
intermittent action on the small scale which takes place in 
boilers on the large scale, where free circulation is impeded 
by the want of adequate space. Here also may be seen the 
true source of primng in boilers where the act of ebullition 
is violent. 

In this experiment, although there was nothing to inter- 
cept the steam and water in their ascent, the intermittent 
action continued at intervals of one or two minutes. At 
each irruption, the ateam and water were forced to a con- 
siderable height, and on its return, striking downwards into 
the vessel, shaking the apparatus with such Tioleuce as 
apparently to threaten its destruction, t^e blow received 
internally being accompanied with, a noise as if a heftvy 
body had fallen on f^e ftoor. From the great violence 
ezplosiTe character of the ascent, when the intermittent 
action occurred, it was manifest that had the vessel been a 
close one, no safety-valve would have been sufficient to 
relieve the outburst of these irruptions. 

The wholesome action of a aafety-vaive depends on a 
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Buppased uniform and progressive increase of volume and 
pressure of the Bteam ; yet, practicftlly, nothing of the kind 
takes place: ^Sl is intermittent, indicating a BuccesBionof 
eruptive efforts in diaoharge of the occiunulated steam. In 
truth, after ebullition has began, the whole process la 
intermittent, — ebullition itself ia an intermittent, but 
hitherto unexplained, action. Here, then, we havo a prac- 
tical exemplification of at least one of the causes of these 
explosions which have latterly become so frequent. These 
experiments were repeated with numerous alterations in 
the relative length and diameters of the glasses, each pre- 
senting some new phase of the process of vaporization, 
indicating that a liighly important field still remained for 
investigation, and bearing practically On the subject of the 
areas required fijr the efficient ciiculation of the water and 
g^aeration of steam. The subject, however, is too extraiedve 
and too important to he here entered on, and must be 
examined more at length than would here be practicable. 



CHAPTER Xr. 

ON THE CIECOLATION OF THE WATEK IN EELATIOir TO 
EVAPOEATION, ASD ITS INFLUENCE ON THE TRANS- 
MISSION OF HEAT. 

"With reference to the currents in water caused by the 
application of heat, the first point for consideration prac- 
tically is, the direction in which the atoms of water approach 
the plates where they are respectively to receive heat. 

Semembering that b^ore any particle of water can 
leave the heated plate, and rise to the snr&ce, tu steam, it 
must he "forced tq>wards hy some colder and heavier 
particles." Unless, therefore, a due succession of such 
particles be enahled to take their places as rapidly as others 
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Lave received tlie beat due to tlieir vaporization, the plate 
itself cannot be relieved of its heat, and consequentlj, 
erapoiation mnat be retarded. 



Kg. 86. Fig. 87. 




A. 



To illustrate the direcUou in wliich i:lie partidea suc- 
cesBively approocli the heated plate, 'Fig, 86 lepresents a 
vessel of water — the heat being applied jfrom leneath. The 
question here is, whether the colder atoms which are to take 
the places of the atoms of vapour, generated at the point 

A, will approach tliat point in the direction of the arrows 

B, c, or D. From what has been just shown, it is manifest 
tl^ey cannot arrive in the downward direction of b, and 
must necessarily come in that of either 0 or n. 

Again, suppose the heat be applied lateralis), as to the 
side plates of a fwnace. The question then will be, 
whether the colder atoms will approach the point a, as 
in IFig. 87, in the direction of the arrows b, c, or d. For tho 
same reasons it will be seen that it must he in that of either 
0 or D. This is manifestly in favour o? vertical, rather than 
Tiorizont^ surfaces, aa practically has-been proved in the 
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case of Terbical tubes. This advantage may be accounted 
for by the iact, that the currente of the atoms of vapour, 
and tbat of the -water about to be converted into vapour, 
-will then be runmng in one aad the same direcHon, uid 
conaeqnently, without -obBtraction or collision. 

Now as vaporization does not depend on the quantity of 
heat applied to the plate, bat on the quantity takBn from it, 
the amount of flvaporation will be determined by the 
rapidity with which the colder atoms of vrater obtain access 
to the heated plate. Hence we see how more important it 
is to study the means of giving tbat access of the water to 
the one side of tlie plate, than of heat to the other. 

The annexed figurea will illustrate, practically, the direc- 
tion in which the colder water obtains access to the Bi<Jes 
and crov>n plates of a furnace: — the arrows representing 
the atoms of water, and the dotted lines those of the rising 
steam. 

An important question is here raised, — do the atoms of 
water approach the plate in the direction of the arrows as 
in Jig. 88 or Pig. 88 ? Everything goes to abow that it 
most be as in the latter. "We here then find that the orown 
or horizontal plates can be supplied from the vertical water 
spaces alone; and hence the importance of making those 
channels bo large, and conveniently arranged, that thb 
water may reach them in full current and quantity. This 
also accounts for the fact that the crown plates are the 
most liable to injury from being over-heated. The side 
plates next the fuel on the bars, becoming over-heated and 
burnt, we shall see, ia referable to a different cause. 

The crown plates of a furnace are then the most liable 
to injury from the double cause of being exposed to the 
greatest heat, by direct impact of the flame, and from the 
water having greater difficulty of access to them, as shown 
in !Fig. 88.* This causes them freqnently to bulge under 
* Thia las been mil mnetiUad by lljr. F^lmm in a paper read to the 
British Assoeiktiin Kt Hnl^ defauling nme mj interaetang reaolti of 
B 2 
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the prsasure of steam, as in Fig. 90. This bulging on one 
occaeion occurred in tlie first voyage the vessel liad made ; 
nevertheless, no inconvenience resulted from it ; — the iron 
having been of good quality, the boiler remained in a state 
of perfect efficiency for many years ; and when ultimately 
broken up, the bulged part ytob aa sound .and thick aa it 
OTor had been. 



researohes made fur the purpoBes of determining the strength of locomotive 
boilara. In tba holler which exploded at Long-side, " Couaiderable RtrcBS," 
he ohserves, "badbeenlud upon the.ireakiieBS of tl^ st^ which ooited 
the flat surface of the boiler to tiie mdes of the fire box. The eiperinente 
made, however, cloarlj indicated that the file boxata^ werenotthe weakeat 
parte, and that there was more to fear from the tup of the funuux, vAiek, 
under severe preesurc, laaa olffloft ivmria^y ike fint to give tMjT." This 
is ths first time on; doubt hM been thrown an &n eomfmtim atrength of 
port of the foniMe. 
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On Ifaia it iDft7 be obfiBrred, that if tbere be taiy obstrac- 
iaxm. or eiiig^hs^flB in ih&vkber readung iho ero^ ^tes 
(on its nnng &om tiie wtieal watertrajrs), tbe violence of 
the upward carrrait of ateam Trill carry it in the direction 

of the arrows in 'Fig. 91 ; — thus leaving the centre of tbe 
crown plate in contact with steam rather than teater, and by 
wbich it necessarily becomes over-heated. 



Looking to the direction of the w^ier on passing from 
the vertical ride spaceB to the crown plates, the Bhape,.aB in 
yig. 92, woBld appear nuMt Javourable for aiding the aocesB 
of the woter-^the anows shov the direetion of the vater. 



Fig. 92. 
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and the dotted lines that of the Bteam). The oylindrical 
shape, perhaps, ofibra the most advantages aa regards direc-' 
tion of the water, and ike resiBting power of the jdate. 

The inferences to be drawn irom these fects are, — S'irtt, 
that every possible facility should be provided for enabling 
the steam to reach the surface of the water without loss of 
time or temperature. Secondly, that ample space should 
be given, at the ends or sides, or loth, for the large return- 
ing hody of water, which had been forced upwards by the 
violence of the ascending columns of ateam. Tkirdlt/, that 
similar and adequate means should he proTided to enable 
the water to spread ahnj the bottom, in its course to supply 
the numerous vertical spaces between the furnaces. 

We will now consider the internal arrangements of 
marine boilers, with reference to the circulation of the 
water. Previously to the introduction of steam power into 
seapgoing vessels, boilers were simple in their con&tmc> 
tion, — the water forming one undivided mass within which 
its intestmal currents had free scope to act, taking whatever 
course was most favourable and in accordance with their 
temperatures. The waggon boiler of Watt, and the dome- 
shaped colliery boiler, may he considered as types of this 
class. In such, the question of circulation bad no practical 
ajjplieation. The employment of the steam eugioe for 
marine purposes, first rendered it necessary to make a 
change in the internal arrangements of the _hoiler, as well 
for economising space, as for providing adequate heating 
surface. This produced the system of internal fines, ^ 
eotaiderable length, or lineal run, correspondbg with the 
great length of brick flues, under and round land boilers. 
Instead of one undivided mass, the water was necessarily 
thrown into numerous deep narrow avenues, and thin 
films, with eonflietijig internal courses, and multiplied 
ohsteuctionB. 

Here, then, was a new ^stem, involving great practical 
changes, not only in the direction of the heated prodneta 
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&om the furnace, but of tlie currents of botli Bteam aud 
'water. These changes, however, appear to have excited no 
attention. It was said (and in the same loose manner) 
that the water would find its way to the heated flue plates, 
jast aa it was said that the air would find its way to the 
fuel, and the steam to the surface, wiiheui eontidermg what 
those watfs were, or ought to he, and whether they 'were 
provided. 

The extent to which the heat will be taken from the 
plate is next to be considered. Mr. Sewell,* among many 
useful remarka, has some whicli suggest important points of 
inquiry in cojiiiection with marine boilers. " No matter," 
he observes, " how ably the furnace performs its duty, if 
the heat given off from the fuel cannot he taken up as rigidly 
aa it is produced, then of course economy ceases." This, 
no doubt, is true ; but he has left unnoticed the more im- 
portant point, namely, — hy what is the heat to he taken up ? 

Agaibi — ^" "Where the power of convection ia much greater 
than the power of abiorpiion, then the heat evolved during 
combuation, is earned off without effect." tFhis is also 
true ; but we are atiU left in doubt, — iy what » the heat to 
he lAtoried? 

Now, this abBorption cannot be in plate. In a -v^- 
constructed boiler, where adequate means of circulation of 
the water are provided, there can he no absorption in the 
plate, which is, or ought to be, the mere conveyer or trans- 
mitter. The very term absorption implies, not merely 
receivtny, but retaining the heat, and which certainly is not 
the function of the plate. 

This distinction involves considerations of the last 
importance. By confounding the heat transmitter — the 
plate — with the heat ahsorher — the ivaler, — we fall practically 
into innumerable errors ; not the least important of which 
are the overlooking the question of the currents and circu- 

* Eltmentm-yTeeatite on Steam a>ul Locomolivei, by JoLn Sewell, L.H. 
Tol. I. John Wenle. 
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latiou of tlie water; and the being satisfied with merely 
providvng a large aggregate of surface ; hence concluding, 
tiiat.we had also provided a eommenaurate ebaoriu^ mkI 
aaporaiive power. 'iEkrors of ihis kind ' lead to a neglect ^ 
the KqnreBB fimotian of the plate itself, -trhich is taexsLy t» 
imumit vliat ib ^ven-lo.it on the oa» tide, to that which 
vill ncdTe it on the other. 

In addition to the power of convection, or carrying the 
heat through the flues, — which helonga to the gaseous 
prodocta of eomhastion, — and the power of trammitting the 
heat,— which belongs to the plate, — there ia the third power, 
namely, that of absorhing and retaining tlic lieat, and wkvih 
belongs exclusivelg to the recipient, which should he water. 
Now a right understanding of these separate functions and 
duties is absolutely necessary before we can determine the 
relation which the size or surface area of any one part of a 
boiler should bear to the rest. It is fBom neglect of these 
distinct functions, and the confounding the one with the 
other, that we so ofteD eir in giving an^unffiBe npidity to 
the conveotang chuactes ti£ tiie gaseoiu prodnots, and an 
iojinious onztaUmeat of Uie-coaveoting zange os Tun. 

On this (^orbing faculiy, and still without Ar^v^g to 
wlj^t it belongs, Mr. Sewell observes — " Ma«3h of the com- 
parative economy of boilers depends on their abMrfaing 
power." Here we are left under the im^e&sion that this 
absorbing faculty is a function of some part of ike loHer, 
which certainly is not the fiict. 

Now, it is more important that we investigate tie 
absorhcnt power of the recipient, than that of the plate. All 
that the plate requires is, that its transmitting power — its 
proper function, le brought into action. On this head, 
M. Peclet correctly observes, that, " under ordinary circum- 
stances, the quantity of heat which a metal plate haa the 
power of transmitlang, is far greater than what it is-really 
called on to transmit ! 

* " Hons aTonB m qne itw lea citconstances orduxutei, b qtuittfat^ d9 
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To expect, then, that the plate will exercise a greater 
power of trammitting heat to Bome other bodji than that 
body posaesaes for receiving and abioriing it, woold be a 
physioal abaordity. Afi-well might we expect that a larger 
qoantity water would' pass through, a poroua body than 
could be contained in • the apace in which it would bs 
receired ; or that the ateam team, the engine (^Hnder could 
be diBcharged into the < oondansN^ in the absence of a 
BufKciency of water, <sv space, there to absorb or recelTe it. 

Mr- Craddock, in the •course of his published Lectures, 
has introduced a new feature in the question of the trana- 
mission of heat, by drawing a distinction, as to temperature, 
between the two surfaces of the plate. " It must be bome in 
mind," he observes, "that it is the exterior surface, along or 
over which the gases pass, and on the difference of tempera- 
lure between suck surface and tie heated gases paaring over 
it, will depend the rapidity with which the latter will impart . 
their heat to the former." This assuredly is not the case. 

It may be asked, WTiy draw a distinction between the 
temperature of the exterior and interior surfaces of the plate 
(as if there could be any important difference), while no 
notioe 1b tKken t£ tiiat ob which the tempeiatura of hafh Ua 
twfaeaa really dependa— namelj, Che chmvcter qf the re- 
eipiaUt qf the heat ? 

In thie dictum we bare' froof of the prevailing error of 
assuming that the recipient of the beat will always be water, 
— that it will alwags ie present, — and alwags in contact icilh 
the plate. This, however, is pre-supposing the very thing at 
issue — the very fact which experience denies. If indeed 
Buch were really the case, it would be a matter of perfect 
indifference what might be the degree of heat to wliich the 
plate, or its external surface, might be exposed ; inasmuch 
as all the heat that possibly could be presented to it, would 

chalent que peut transmettre Ie m^tal, eat beanconp plua graude que cells 
qn'il a t^lemest il traiumettrs." — Tra&e de Ut Okalew: 
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pass to the water aa rapidly as it could be received, and no 
possible injury could take place. The temperature of tlie 
plate, in truth, only becomes an object of attention, when 
there is a want of adequate circulation of the water, and 
consequently, a deficiency or delay in its obtaioing contact 
with the beated plate surface. In Bucb case, steam muBt 
secessaiily be compelled to act the .part of the recipient, by 
oconpying the place where the water shoidd here been, bnt 
whose fimction it is ao ill qualified to disdiBTge. 

It is here manifeBt that aa the heat absorbing power of 
steam ia ao inferior to that of water, a much less quantity 
will be taken up, in given times, by the former than by the 
latter." Again, since no more heat can be transmitted 
through the plate, from the one side than can be taken from 
it 6y the recipient on the other — the transmitting power of 
any giren surface maat be abaolately dependent on the 
absorbing power of that recipient, whether it he oil, vater^ 
steam, or air. 

"Water, we have seen, will absorb more heat than steam. 
The quantity taken up, therefore, will be regulated, not by 
the " difference of temperature between the plate surface 
and the heated gases passing over it or along it," — but by 
the capaeitg of the receiving hody, tohateeer it mag ie,'Jbr 
ahsorbUig it. If, however, irom any circQmatance, the water 
he prevented or delayed in gaming acceat to the plate, ihe 
steam will in a like degree be obstmcted in lemmg it ; tbe 
presence of the former being the very means by vbioh the- 
lattor will be effected.* 

Thus the heat which, in such case, cannot be taken from 
the plate, must remain in the plate — its function being then 
changed from that of a transmitter, to that of an alsorber ; 
the whole process of evaporation being then deranged, as 

* The odnil^ iritb which heat is commanicated from hotter bodies to 
colder otiei^ w]ieaaUothert&ingsueeqna],isproportion&l to the eaient of 
eoniacl and eloimeis of comnmdcBtioa between the bodies, — Thompeon 
on Mtat attd EtediHciiji. 
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will be seen when we come to tlie couaideration of the 
causes which affect its durability. 

Again, the mechanical structure of the two bodies (water 
and steam) has much to do with the quantity of heat 
absorbed. WtUer is composed of an infinity of atoms so 
minute aa to be utterly inappreciable. Now, this very cir- 
camstance mulidplies to an extraordinaty extent, its points 
of contact with the heat tiansmittiog, snr&ce. Steam, on 
the other band, is a aeriea of inflated globules, each of which 
is 1800 times larger than the atom of water from which it 
proceeded ; necessarily produdng greater difficulty of aooeBS 
to the plate, and fewer points of contact witii ita surfaee. 

This very fact, then, supplies a scale by which we are 
enabled to appreciate the superior facilities of contact which 
water possesses over steam — if due circulation be obtained; 
and the greater rapidity with which the former is enabled 
to take up heat, and its enlarged capacity for retaining it. 

We have next to consider the relation which circulation 
has to the dniability of the plate itself. 



CHAPTER XII. 

or THE CIBOULATION OP THE WATEE \S EELATIOIT TO 
THE DUEABILIir Or THE TLATEB. 

Hi-TLKQ considered the drculation of the water as regards 
erapcnation ; distinguishing the aepaiate functions of the 
heat iranm^ter, and the heat reeij^nf, we have now to 
examine its bearing on the durability of the plates. 

In the first marine boilers, the flues were made deep with 
narrow water spaces, usually about four inches wide. The 
object, then, was to combine the two essentials — adequate 
length of run ia the fiue, with suiEcient heating surface. 
Among the disadrantageB of this airangement of the flues 
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waa, leouzrence of injury to tlie plates ia the region oi 
the fiirQaces by becoming over-heat$d. Although thiS' evil 
of oreo-heating continues to be esperieiieedi tho direct came 
o£ it has remwied without due inquiry. Its recurrence was 
usually attributed to neglect on the part of the fireman, or 
the want of siifEcient water in Llio boiler ; licucc more im- 
portance was attributed to the necessity of having " careful 
and experienced stokers," than to the remedying the de- 
fectiTe construction of the boiler itself. 

If the water indicated a level abaee tlte Jlues, all was 
considered right, and no thought was given to the possibility 
of its being deScieat ieloto or around them. Xet esperiecce 
has flhowzi, that although ■ ererytbing indicated a proper 
height oC.ira£er<iQttheLbeilw,.ihe-platoB, paiticulariy those 
connected' vitb iibe famaces, Trexe, BerertheleaSfFiSubjeet'to 
be orerdieated fmd injured. Ia such cases, if the iron was 
IaiDiiuited,or otbemtae of in&nor quality, it became cracked, 
or Imraed into holes. This state of things was strikingly 
illustrated in the hoUera of the " G}-eat Liverpool " steam- 
ship, on her first voyage to New Tork, in 1842. The en- 
gineer, observing the side plates of the furnaces constantly 
givicg waj'- — sorao bulging and others craekoti and leaking, 
and even burnt into holes, although there was always a 
sufficient heijht of water in tho boiler, suspected something 
had interfered to keep the water from the plates, and with 
the view of testing it, introduced an inch iron pipe from the 
front into the water space between two of the furnaces. 
This at onoo brought the. source of the evil to notice ; 
for although the glass water-gauge always indicated a 
sufficient haght of toater within, yet nothing issued throogh 
the pipe but steam, bo long aa the boiler was in full 
action. 

This fact unmistakably showed that the over-heating of 
tho plates was unconnected with the duties of the iireman, 
and was the result ol inauffieient - cireulaHon, depriving the 
deep narrow floe-spaces of an adeqoate supply of water. 
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There wsB then^ mamfeatiyvino'iwiQfld^fbE'this continually 
reouzinng evil, and a new boobt became neoesBary. 

Here then waa the exact, case Bog^ested by Ur. Harray,*' 

when he aaya, " It is a point of the utmoat importuice that 
no part of the heating surface of a boiler should be so 
situated that the steam may not readUij rise from it and 
escape to the surface ; since the pkfce, if left in contact with 
steam instead of water, becomes unduly heated and deetToyed." 

Now, we overlook the fact, that the only remedy against 
this source of injury is, providing adequate circulation of 
the water, since the steam cannot "me Jrom (he plate 
surface^^ and must remain in contact with it, until vjater or 
other globules of st&an takeits place and force it npwards; 
oooueqaently, if j the approecb of the irater be bW, bo most 
be'the'Tme of the steam. Iheiie .coa M no vaennm; no 
interral between the approach of the one and the escape of 
the other. Mtlier water or •steam mnst be at all times in 
contaot with the plate : the reU^ve time, occupied by either 
in obtaining this contact, will therefore de<ada the qaeation ' 
of the amoimt of eraporaiaan, and the temperatore of the 
plate. 

The important point then for inquiry is. Why \vas the 
plate thus left in contact with steara instead of water ? 
There Vfas hero no apparent impediment to the sfcoam rising 
to the surface. There was, however, as we shall see, extra- 
ordinary difScull^ of access to the water to disladye the 
steam; and, as Dr. Ure observes, it must remain, until 
"forced upwards hy colder and heavier atoms of water." 

As the details of this boiler of the "lAverpool" will afford 
opportimitiea for comment, on what is practically necessary 
for ptomotisg circulation, t^iery ate here annexed. 

^g. 93, Plate 5, is a plan of the boiler, showing the 
ten furnaces, and the narrow water-ways separating the 
seiieB of narrow flues. 

• TrtatiK on ^^^e Mari^ie Engiw, by itobert Murray, C.E, London, 
Jolm Wesle. 
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!Fig. 94i, Hate 6, ia a Beetion from A to B, showisg the vater 
spaces of 5 feet deep hy 4i inches -mie, and tlie direction in 
which the water approached the side and crown plates of the 
fomacea. The iottom imisontal water-space is here seen, 
of itit 5 inehes elgep, and from which all t&e vertical apaeea 
were to he ti^Ued, This bottom space was also found to 
he much ohetructed by Beditnent and other deposit. Here 
we see the direction the water liad to take in its downward 
course was through one narrow four-inch space ; and then 
to be distributed over the bottom area of above 500 square 
feet in its way to the vertical spaces between the fumaccB 
and dues. 

rig. 95, Plate 6, is a section across the furnace end of the 
boiler, from C to D, showing the eleren narrow water 
spaces, and into one of which the trial-pipe was introduced, 
as already mentioned. 

Eig. 96, Plate 6, is a cross section of the after-part of the 
boiler, from S to F, showing the mxteen water spaces 
between the flues. 

It may here be observed, that the side plates of the ten 
furnaces, which, aa being the hottest, required the largest 
supply of water, were, necessarily, the worst supplied, being 
the farthest from the narrow downward current at the hack 
end. It is here manifest that the furnace side-plates could 
not have been adequately supplied with water, to take the 
place of the great volume of steam generated from their 
surfaces, and, consequently, that the steam must have ieen 
retained in contact with them. It Can no longer, then, be a 
matter of surprise that the sides of the ftumaces became 
over-heated and injured. 

In this boiler, the ten furnaces being all at one end, the 
water taking the coolest place for its descent, would natu- 
rally flow along the surflice from front to rear, as shown by 
the arrows, S'ig. 94, Plato 6. (The construction of thk 
boiler, aa regards what takes place mthm the flues, will 
be frirther noticed in the Chapter on " Draught,"') 
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The first boilers of the " Oreat Britain" Steamer give 
another illuBtration of the difficulty the water had to en- 
counter in obtaioiiig access to the vertical spaces, and the 
thirty-six crown sorfaces of that number of flues as showD 
in Fig. 97, The lower or furnace range of the triple tiers 
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of flues was 5 feet deep, the second 4 feet, and the third 3 
feet ; the numerous vertical water-ways, though hut 4 inafies 
wide, had an aggregate of no less than 12 Jeet deep. No 
adequate or separate space, however, was provided for the 
. Somnwari current of the great quantity of water that most 
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jnomentaHly, have been recpiixed to'snpply BOjaata.y aseeniin^ 
Oinre&te; the coQseguence waa, Idist >the-.a8caiiding steam 
l»d-to sfiiuggle against the deiceB^ing-ciirreat of the water, 
-nihile the latter, in its way, W8B olutcuoted in reaching the 
plate-sarface. Thus, the rapid generation of steam, and 
free access of the water to the plates, were both impeded 
in their respective functions. 

Another source of injury supposed to arise from the 
thichness of thejplates, here merits attention. On this head 
Mr. Craddock, advocating the use of thin plates, but over- 
looking the question of circulation, and the character of the 
recipient of the heat, falls into the common error. " 'We 
know," he observes, "that boiler-plates of I or ^ inch thick, 
are o^a heated very oonmdecahly, on iheir eteterior, lAove 
ihe taaperaiwe of {he water in fhe ioiUr. This is bnovxt 
to talce place to such an extent, practically, as rapidly to 
deteriorate such parts of the boiler." 

How this extraordinary alleged fact haa been ascertained 
does not appear. Yet, a dictum, so opposed to all expe- 
rience, should have been supported by experiments or proof. 

Now, this auppoaed heating and deterioration of the 
plates, must either be a constant or an occasional effect. 
The former, we know it is not. The latter, therefore, must 
have been the result of some unusual and disturbing cause, 
but which he has not explained. It ia this cause which has 
been overlooked, and which here demands special inquiry. 

Ifo doubt, plates are often over-heated and deteriorated ; 
assuredly, however, it has not heen owing to their thickness. 
Ijodeed, when over-heating does occur, thickness is a positive 
protection. It may then be taken for granted, that, as to 
the plate being injuriously heated, such is absolutely im- 
possible, if ihe water he in eontOot with it. This, then, is 
the jnactieal point iuvdred in the question of droulation. 

S'urther, he obserres: "We have ztot good dtda from 
Thifih to draw unexceptionable conchifdanfl as to- the abso- 
lute d^brenee ef ten^eraiure between the egteraal -aurfaod 
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of .the boiler-plates, or tnbe» fiS- difiwent thicl3ieaees, isith 
an intenae S.ie acting on ihem and He vxiter th^ contain." 
Certainly we hare no BOBh-daia, sdnee no appreciable differ- 
ence can poBsibly exist between the temperature of the 
plates, and the water in contact mth them- 

The true questioii here is, whether ifte watei' was or was 
not in contact with the plates ? It is manifestly the over- 
looking this aU'important point, or the assuming that the 
water had such contact, in fact, begging the whole question, 
that has led to the error of drawing a distinction between 
the temperature of the two surfaces of the plate. Such a 
distinction, however, would be directly at variance with the 
laws of conduction, as it asBUmes a degree of congestion of 
the heat on the one side, .and of exhaoBtdim on the other, 
although the distance the Jieat would have to travel would 
be bat half an inch. Xhis possible injury to iron plates, 
eootfmiiitg to be i^us asserted, demands a further inquiry. 

iN'ameEOUB authorities might here be quoted ; it will, 
howe^, be snfficient to say that had any such fact (eon 
prwei, it could not have escaped the attention of Dr. 
Lardner.* On this head, he only confirms what the highest 
authorities baA stated, when he asserts that a vessel cannot 
be injured by heat, so long as it contains any liquid; that 
is, so long as the liquid is in contact with it. 

That the transmitting plate cannot lie "unduly heated 

* "The absorption of heat," the Dr. olaerTea, "in the process by which 
liq^oidB aie converted into steam, vill exj^ua why a vesssl contauung a 
]i([iiid, thongheonsbuit^ exposed to the acti<m of thafie, can never, white 
it sont^ns u>j liquid, leceiTe such a degree of heat as might destro;' it. A 
tin kettle coataining water ma; be exposed to the action of the moat i^nve 
furnace, and yet the tin, which is a Tery fnsible metal, will remain an- 
injured. The heat which the fire mparts to the kettle la immediately 
absorbed by the bubbles (ntoms) of water which arc cnnverted into 
Hteam, at the bottom, and rendered latent m them. So long as (he 
water is contained in the bottle, tlds absorption continues: and it is im- 
posaible that tlie temperature of tnc settle can exceed tne temperature 
of boiliiig water. 
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or destroyed," where the recipient of the heat is water, may 
be tested in many waye. Water may be boiled in an egg 
shell, or in a vessel, the bottom of which, though made of 
card paper, will not be injured. That the temperature of 
□n iron yesael of even half an inch in thickness, containing 
boiling water, cannot be much, if any, above that of the 
water, may be tested by applying the fiugers to it, immedi- 
ately oa being removed from even an "intense fire." In 
fact, the temperature will rather appear to increase after its 
removal fi'om the jire. The reason is obvious : — the heat 
being 80 rapidly taken up and absorbed by the water, its 
current througli the plate must necessarily be equally rapid. 
On removal from the flame, however, the exterior surface, 
then receiving no further supply or increment of heat, is 
instantly reduced in temperature ; the current through the 
plate then lecomes reversed, and passes fro^n the inside to the 
outside. The water side being absolutely the hottest, a new 
equilibrium is established, equal to that of the water at 
212''.* 



Fig. D8. 




* For the purpose of putUne this to the severest test, an iron Tesael with 
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Tlie SgureB 98 and 99 represent TesEela of half-incli iron, 
both filled with water, in the act of boiling over a powerful 
flame. In fig. 98, the course of the heat is shown by the 
arrows passing from the flame through the lialf-inch of iron 
to the water inside, for the formation of steam. In Pig. 99, 
the vessel is supposed to have beon suddenly removed from 
the flame; the arro\rs sliow the then reversed direction qf 
the current oflieat from the water side, where it continues 
at 212° to the outside, where it would soon, otherwise, 
have been cooled by the lower temperature of the air. 



Fig. 




Ab to the plate remaining at a safe and comparatively 
low temp^ture, there can be no doubt, seeing that oxida- 
tion or injury does not take place in iron, tmtil it has 
reached that of redness, and wHch never can occur so long 
as 'ttater ia in contact with it. When, therefor^ the asser- 
tion is made, that plates have been heated so considerably 

a flat bottom and Imlf-inch tliick plate was placed over a fiitiiace, espcesalj 
constructed, ao tlmt it might te exposed to a very great heat from e, coke 
lire, urged b; a strong blast : the rapidity of the eballitioa was extreme. It 
was ta arranged, that it could be saddeuly removed from the furnace, and 
the temperature of tbe bottom instantly ascertained by the touch of the 
tingen. This was done repeatedly, yet^ on all occadons^ it scarcely ap- 
peared to have the tempemtuie of bcoling water. 
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above tlie temperature af the water as- to be rapidly deteiio- 
lafced, tim could only be made on the assumption, tbat water 
was in coniaot vitb the plate^ but wbicb. was not the case^ as 
ia the boilers of the "Great laverpool"- already mentiimed.* 

A conclusive iUustration of the fact, that the plates axe 
in no way affected by thickness or temperature, ia afforded 
by finding that, in breaking up old boilers, those parts lriii<ih 
were exposed to the most intense heat and direct impact 
with the flame, hare continued sound, and wholly undete- 
liorated, when the water had free access to them. 

With the view of testing the superior heat-absorbing 
faculty of water, numerous experiments were made : the 
result is tlie following tabular view, which sufficiently 
approximates the relative effect of the several classes of 
recipients to which the plates of a boiler may be exposed. 
Supposing, then, that the- heat-transmitting power be taken 
at 1000°, the portdon that will be absorbed, in given times, 
by tiie following recipients, may be estimated as foUowB : — 

HeatreceiTedby Fortion of tne hmt Fortton ot tlis 

Natoie of the ndpleut ths plate trausmltited beat remaining 

in ^TBD tlnte& the plate. in the plate. 

W&ter . . 1,000" 1,000° none. 

Water and Steam 1,000° 800* 200° 

Steam . liOOO" 600° 400° 

Air . . 1,000° 400° 600' 

Thus, a given axea of plate snr&oe, after it has received 
its own status of temperature, will transmit the entire 1000° 
it had received, if the recipient he water. If, however, it be 
steam, 600° only will be taken from it, the remainder, 400°, 
necessarily remaining in the plate, there to accumulate and 
increaee in iemperaiure, in proportion to the intensity of 
the flame. 

So, if the recipient be air, 400° tmly will be taken from 

* Dr. Ure gives » remiirknlile Ulnsti^tHi of the little effiut oanaed V 
tlie Uiicku^^s of tLc plaic, if tlie wter be la 'eaatactvitbitf stattngtlut 
he had exporiucated with, platea of twdvs times &» ildakneBs of Atlia* 
-without prodncing any iiyiiiioiiB eSbot. 
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the platei leaving 800° to accumulate. J'rom thia we learn 
tow the absorbing faculty of the recipient regulates and 
controls .the tranBmittiag action and temperature of the 
plate, and the extent to which it will be exposed of being 
unduly heated. The want, then, of free and adequate 
means of droulatdon of the water, and an unobsttnoted aceess 
to the plate, so that it maj, sJa all times, be the ledpiettt, 
moi^ be taken as the chief, if not the only oanse of their 
deterioration through over-heatigy ; and wholly inespeotiTB 
of thickness, or the degree of heat to which it may be 
exposed. The temperature and durability of the plate will 
therefore be in tho inverse ratio of the rapidity of the current 
of heat passing througii it, while such transmitting current 
will be in the dvreot ratio of the timrbing power of thd 
recipient, whether it be water,' steam, or mr, or a mixture 
of either. 



CHAPTER Xin. 

OB THB ItSA.UeHT. 

The dranght, or current of air passing through a ihtnace, 
is occasbned by the di&rcnce in weight between the 
column of air within the chinmey, and that of an eztenud 
column of the aame proportions, — the "ascent of the 
internal heated air," as Dr. TTre observes, " depending on 
the diminution of its specific gravity, — -the amount of 
unbalanced weight being the eCFectiye cause of the draught." 
Since, therij this levity of the inside is tlie result of 
increased temperature, tlie question here for consideration 
is, how that temperature may be obtained with the least 
cspenditure of fuel ? 

In marine boUers, numerous cases of defioiencry of draught 
will be found to arise irom an injudidoua arrangement of 



Digilized by Googk 



166 



THE OOUBUSTIOH Or COU 



the ilLies,aDd the confiictiiig currents of the he&ted products 
ivithin them, 

NotwithBtanding the importance of the subject, still but 
little attention has been given to the causes of these 
currents and deficient draught. M. Feclet having ezamined 
the Bubjeet witk great ctere and practical reaearcfa, his 
■details are so copious, mid hia remarks ao much to the 
point, that it will be well to gire them due attention, and 
the more so as the subject has not hitherto been examined 
by any ■writer in England. 

Among the inconvenienceB experienced, a prominent one 
may here be mentioned, as being of frequent occurrence, 
namely, a deficient draught in the aide or toinff furnaces of 
boilers. 

M. Peclet observes, " "Where several tubes or flues open 
into one common due, the currents are continued beyond 
their orifices, and by their mutual action afl'eet or modify 
their respective forces. If, for example, two flues, A and 
and B (see Fig. 100) enter the common flue C, by orifices 



Kg. 100. Fig. 101. 




other will be nil, tf they have equal rapidity; because 
the whole will pass as if they Lad struck against a plane 
fixed between them. If, however, the currents be unequal, 
that which has the greatett rapidity vfill reduce the speed of 
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the other, and more or leas have the ciiect of closing the 
orifice tbrough which the latter flowed." " So many proofs 
of this," he adds, " may be adduced, aa to put the fact 
beyond doubt." "These streams of air," he continues, "in 
this respect, act on each other aa streams of water. It ia 
already known by the experiments of Savart, that where 
two streams of water, of the same sectional area, act in 
oppoHite directions, and that one of them has erea bat a 
little more speed than the other, the latter is pnahed back, 
and the infiaence felt up to its source. The result of this 
colliaion in the flue may be avoided by the Diaphragm D 
(Fig. 101)." Such conflicting currents may be found in 
almost all marine boilers, yet pass unnoticed, even where 
the draught is manifestly deflcient in conseqnence. 

Fig. 102. Fig. 108, 




Again, " Phenomena of the Bame bind mil be produced 
vbere the courses of two flnea are at right anglet to each 
other, as in Pig. 102. These effects may also be avoided by 
the Diaphragm D (Fig. 103)." This also is of frequent 
occurrence, and seriously affects the general draught, as will 
hereafter be shown. 
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Again, '-Wiiet'c the chimney or flue is common to several 
furnaccg, the arrangement should be sueli that the streams, 
or currents, of heated gas, should not interfere with each 
other. Pig, 10-4 represents the arrangement thatjshould 
be adopted in such cases." It is needless to -observe how 
frequent this state of things occurs, and how little attention 
is given to it. 

Fig. 104. 




" So, yihexe a current of hot products issues horizoniallj 
into a chinmey, it may ha^en that its draught would be 

Fig. lOE. 




entirely destroyed, if the rapidity of such current vss con- 
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sidcrable, as it would then hsLve the effect of ehutting the 
chimney like a damper." He then describes what occurred 
at a Boda manitfactory, with a chimney for general draught, 
vbicli he had to construct, and which was also connected 
■with a flue from another apparatus, aa shown in Kg. 105. 
In this case, " the corrsnt from the one flue completely 
neutralised that of the other." This he remedied "by the 
partition P. 

Again, where three flues enter a funnel £HHn (kree dif- 
ferent pointt, it is evident, he obBerrea, that "the diaphragms 
should be bo placed as to leave each current an adequate 
seo^n of the ohimnej," aa in Elg. 106. The dionmstance 
here referred to may be found to exist in almost all marine 
boilers. Earely, however, is the interposition of these 
diaphragms thought of, yet numerous instances of the 
derangement of the draught, particularly of the wing 
boilers, must be within the knowledge of all engineers. 



Pig. 106. 




Let lis now apply these judicious practical observations. 
The first boilers of the " Great Britain" screw steamer, are 
in point. The arrangements of these boilers have already 
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teen noijced irith referoneo to .fteit impeding the due 
iiirei.I»i«>»o^<S« «»'"•• -We h«Tenowto a>naidet«iemm 
xeepaattotlieiriiiftBence on (As dravghL 



Ks. 107. 




In these hoihira, attention iras giien, almoBt eioInMiely, 
totwoohjeotB:— proYiding the Lugest posrible amount of 
Jire-griae arens, and the largest aggregate ot internal Jjoim? 
mrfme. As to the former, almost the entire area of these 
largehoileu may he compared to an aggregate of fumades. 
HfiwrtheleflS, there was no command of steam, and the 



n 
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engineer stated, that the wing hoilera were unequal in 
draught to the centre ones. The defiGienc7 of draught in 
tbe.&maoea of the side boilers will easily he. accounted for 
aa. ffltftmm^g the plan of the upper tier of flues, and Hiia 
uomeEODB ooUisiouB yHiBte the iieated products irom tventy- 
ibuT.IargQ fiinaces-'^tered the finmelB, aa shown in Fig. 
107. 

. . The JBoes. from the four .iiimaeea q£ each wing boiler, are 
lieEO made to enter one comBioa otobs fln&>-reach thwarting 
the current of the preceding one. No. 1 being • checked by 
No. 2 — -which crosses it at rigJib nnglea — wliieli, in its turn, 
was checked by No. 3, and so on—llie same mal-arrange- 
ment taking place in each of tlio sixteen flues of the four 
wing boilers. These, it will be seen, are the direct cases 
adduced by M. Peclet, where the products and current 
from one flue act as a damper on the draught of its preceding 
one. 

Again, the joint products of the four flues of each wing 
boiler are made to enter the funnel by a single opening, 
which is not only at r^M tables trith the flues firom the 
four centra boilers, but directly c^osite to those qf tie wing 
ioilert on the other mde. Thus the flues of uo less than 
eight fomaceB, all entering by s aiogle opening, are brooght 
into direct collision with those of the other four, and in the 
moat certain way to affect the draught of all. Here we 
Jiave a combination of the evils referred to by M. Peclet. 

The case of the boilers of the " Great Liverpool," is & 
etill greater violation of the rules which should regulate the 
draught. Here, there being but a single tier of flues, the 
required aggregate of heating internal surface was obtained 
by the labyrinth of windings shown in Fig. lOB, Plate 7. 

In the first place, the flames from the three centre fur- 
naces of each half of the boiler are forced into a single flue 
of but 181 inohea -wide, as shown by the arrowa. Again, 
the gaaeons products of - each set of three centre fiJmaoes, 
and which are BeoesBarily the more powerful, are made to 

I 2 
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enter the single back flue at ri^Tit angles, and across the 
current of products from the two wing furnaces, as shovn 
hy the enlarged view in Eig. 109. It ia searcelj poaaible to 
conceive a more direct ease of collisioii, or a more eflffictnal 
damper bj the hotter and laiger onrrmt irom three fur- 
naces, on the smaller current from the two Tring fuxnacea. 
In these boilers, it is manifest that nine-tenths of the steam 
vas produced by the plates in connection with the Jiimaees 
(done, and by a ayatem of continued forcing ; the long ran 
of fines being filled vith dense black smoke. 

FSg. 109. 




From 8 foni&ces, ^ 



From 2 wing fiu-iiaccB. 



A considerable improrement was effected by constructing 
furnaces ia pairs, as in "Fig. 110. This had the important 

advantage of rendering any interference with the supply 
of air unnecessary, by giving uniformity to the quan- 
tity of gae passicg from the bridge to the flue ; since, by 
firing the two furnaces altcniately, tlic fnpply of gaa is 
equalised on enterinj; tiie Hue from the bridged. 

This plan, it will be seen, had the disadvantage of the split 
flm at the back end, where, as M. Peclet obeerveB, the hotter 
or stronger current will alwaija neutralise the other. In 
practice, a strong or hot correot of gaseous products will 
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not, voluntarily, dindo itself, to meet tlie arrangements of 
the flues : the whole, or nearly so, will pass either to the 
one or the other, in proportion to the temperature then in 
the fine, or to the length of the course each haa to run to 
the funnel. 




The plan shown at Tig. Ill exhibited a great improve- 
ment in the former, and haa for many yeara been found 
the moat efficient in practice. 
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The plan, aa in Hg. 113, waa adopted idih tbe -Tiew 
of divi^s the gaseoua prodnota, and tbtu ffpreading fclio 
lieat along a doable surface. Thia> ItoweveoT} 'whb -q^uite 
defecfcire, in as mttcli as a gaseous stxeani oazmofc be mdueed 




to dmde itself contraiy to the lawa gOTonung the onrrente 
of fluids : the hottest and shorteBt course bemg alwaja 
taken hy the gaaeous products. 

The plan of a land boiler, aa in Pig, 113, is that of a 
still more objectionable effort to divide the current into 
two smaller flues, with the view of increasing the mtemol 
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flnrfiwe. Here, the flue, after paasing imder the cylindrical 
boiler, and returning through a central flue, is expected' to 
divide itself into two Btreams, ona to paaa on each ride of 
the boiler, on their way to the chimney. This is the case 
referred to by M. Peclet, A commission, he obseryes, from 
the Sodete Jndustrielle of the Grand Ducliy of Hesse, made 
a series of experiments to determine the influence of the 
circulation of the products of combustion round boilera. 
By these it was proved, that the flue passing round the 
boiler had a considerable effect on the amount of evapo- 
ration. It was also established, that if the produote pioB 
simultaneously by the two side flues, tiiey mil not dkinbute 
themMlveg e<[uallif, and will en^patt that^ which ■p reu n lt 

On extbmal tSxtmtaimma.&abiiA'asaoe the diaagh^ 

any interferanoe tlie inlxodnctiBnt of the air, by KoflOa 
■o£ the direetian ef tcind vatBiis ^ huffdmg: Q^ia isa 

drcumetance which- has- excited no attontiou from our 
engineers. In marine boilera, placed low down in the 
vessel, the direction of the -wind, with reference to that of 
the current entering the furnace, has often a considersble 
effect on the efficiency of the combustion. So, if the wind 
is opposed to the motion of the vessel or the reverse. The 
importance of this- consideration is exemplified where the 
vessel contains two boilera, having their furnaces facing 
different ways. In such case, according, to the direction of 
the wind, or the motion of thB TOSBel^ one-boiler, will have a 
better drsnghb thanl^e otheF,. 

* "The hot iiir, after having paesed throngh the lo-ft'cr iiart of the 
boiler, returns to the front bj a centre flue, and passes to the chimney 
Bunultaneoosly by two side flucB. By thia arrangement^ the heating 
smiEuSB aie more available, but it is difficult to divide equally the hot 
.air into the-tvo aide flnea. AlmoBt dvajs the cnirent is greater in 
«iie tbau in dwvtbar, anddie-lufr air will pass but th-augh ons of Ihem. 
In that caoeit-willbeseeeatB; toliaveie(p8t«raat Uieend ofewh." 
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That ilie xdatire diieoMaa of tlie mod, and the veaael, 
ezramiseB a ccmnderable iuflueiice, is proved hj the fact, 
that the fiunaces in aome Tesaela 7111 have a sufficient 
draught, and generate a sufficiency of steam, when going 
head to wind, but be deficient in draught when going before 
the wind. These circumstances merit more attention than 
is given to them. We hear of the relative merits of two 
steamers, on a trial of speed, being determined by a slight 
advance of the one compared with the other ; — the supe- 
riority of the former being perhaps attributed to the form 
ofthevesBel; the true cause, however, often depending on 
the better command of draugld, and, necessarily, a better 
conunand of steam, by vrhioh the one was enabled to moke a 
revolution of the wheels, or screw, mare tiiui its rival. In 
a late disousBkm at the So^ety of Arts, on the subject of 
the prevenidon of amoke, Sir. D. K. Olark *' testified to the 
advantage of a rapid, or rather, intense draught, in per- 
fecting combustion and extinguishing smoke." "This," he 
observed, " was the panacea he constantly held forth for the 
universal prevention of smoke in large furnaces." 9fr. 
Clark's views are, unquestionably, well founded ; but the 
practical difficulty lies in the obtaining this "intense 
draught," or an adequacy of draught Sat even imperfect 
combustion, in many marine boilers. 

The absolute command of draught for the generation of 
the required quantity of steam, to enable the engines to 
work to their full power being then so essential, it becomes 
a question whether other means than the natural draught 
should not be resorted to ; since, independently of the uncer- 
tainty in the amount of draught, and the consequent irre- 
gularity in the working effect of the en^nea, the cost of 
Huatuning that draught may be bo much in excess of what 
sn arHfitA<^ draught would be. 

This branch of the subject has ezeited litiile attention in 
this country. M. Fedet has investigated it with his usu^ 
care, and Us results are worthy record. " Where the 
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draugtt," he observeB, "ia created hy the expenditure of 
fuel and heat, the entente exceeds one-fourth of the com- 
hustihle used. If we have not the means of otherwise 
employing that heat, the natural draught, by the chimney, 
is then admiaeible. If, however, that heat may be made 
available for the purposes of evaporation, and if a draught, 
mechanically obtained, would cost less, it would then be 
more advantageoua to use it." 

Among other proofs, he gives two inetanceB which 
establish the fact. One, the hot baths on the Seine at Paris, 
the result of which was, that what was effected by the 
labour of one man alone, when the draught was meehanieaUy 
produced, cost the value of seventeen men's labonr when pro- 
duced \>j the natariA draught from the heat of furnace. 

The second case was that of a large brewery, where the 
power employed was that of 200 horses. In this instaace, 
a ventilator which employed the power of hut sir horses, 
was sufficient to produce a draught equal to that of 50 
horses, obtained hy means of the natural draught of the 
chimney.* 

He then proceeds to consider the relative merits of the 
several descriptions of ventilators ; and comes to the con- 
clusion, that the rotary fan with plain wings, but with the 
eccentric motion is to be preferred. The mode recommended 

* Mr. Prldeaui, in Hi rudimentary treatise, obaerves, " However com- 
patible with the objects sought to be attained may be the plan of keeping 
Dp the draoebt through a fire, 1^ tha inatrmnentality of a chimney, where 
lime oombiistioii only isreqnirecl, as la the case of a domestic grate, or the 
Cornish boiler : whenever, on the contrary, rapid combnatiou and inten&e 
heat are a desideratum, neh a eyBten can only be carried out by an 
enonnODE vaate of fuel. I shall, no doubt, exdte general sarprise, and 
perhaps some incredulity, when I state that, from a calculation I entered 
into on the subject, I find that I lb. of coal, expended through the mecha- 
nical agency of a steam engine, will generate more fbrc^ and, canse- 
qnentlj, is capable of producing a atronger cmrsnt of tar, than GOO Ibe. of 
coal expended in heating a cdIodui of tit, to act by its dinunished epeoifio 
tfm'ikj thnngh a diimiu? 3G ftet high." 

I 3 
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for its appUcatiou ia giyen ia !Fig. 114, where, by meaos of 
an exhamtiag fan, tlie beated prodoots were directed into 
tlie ordinary ehimnej ehaXt. 



Kg. 11*. 




This opens a new field of inquiry, and whieh is far more 
important than any question arising &oin the mere relative 
cost of the noium! or meehaniedl AxBia^t, the. best con- 
stracted boilers not imilreqBeBtl;- being insoffioiaLf^ &om 
the mere circnmBtance of a defiraent draught. 

Impressed with the importance of the Bnbject, several 
experiments by means of a faa. apparatos, worked by a small 
steam engine, were then made. The arrangement, as 
described in "Shg. 115, Bate 8, also afforded the means 



Digilized by Google 



Digilized by Google 



Digilized by Gooj{li: 




Digiiized by Google 



I 



Digilized by Google 



AND THB PEETBHTIOTT OP SMOKE. 179 

of deciding many important points connected with the 
lengtli of run, — the working temperature in the flue, and 
that of the escaping products at the chimney. In this Fig. 
A represents the boiler, 15 feet long, with an upper re- 
turning flue, having its own chimney A' furnished with a 
thermometer C, and a damper D, Houldsworfch's- pyrometer 
P, being connected with the return flue farthest from the 
furnace. Two sight apertures were iniroducod, — the one 
at S, opposite the furnaoB, to observe the action of the air, 
introduced tiirough the ^or and air-box above it, as already 
desoiibed} the oflierS' lookup mtotiie upper floe.. ' 

To trafe the practicabilit>y of conreitiiig the great haaf; 
wluch escaped by the chimney, an auxiliary boiler B was 
attached, by means of a continuation flue E, and fumiahed 
with a separate chimney B, with an ezhauating fan F, to 
produce an increased draught. This auxiliarj' boder had 
two thermometers, to ascertain the temperature of the 
escaping products, C and C", and a damper D', bo that the 
two boilers might be used separately or conjointly. 

Experiments wi^h the auxiliary-boiler and exhausting fkn 
draught ; — 







Wiltor 
evaporated 
por huur. 




in flue. 


Tompent- 

licat ea- 










1 With, fan draught. 


265 Iba. 


2iSi Iba. 


9-2S IbB. 


1025° 


050° 


2 Witt ordinftTj- I 


21611m. 


1562 lbs. 


7*211b8, 


725° 


410' 



The effect produced by ike &a draught was thus not only 
to increase the evaporative power of the boiler, mtiin the 
hour, from 1652 to 2154 lbs. of water, but to increase the 
evaporatiTe cflect from each pmtitd of coal used, fcotn 7'21 
to 9-26 lbs, within the hour. 

Numerous other experiments were made with and with- 
out the fan, and with and without the auxiliary boiler : all 
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confirmatory of the value of the artiScial drauglit, and of the 
increased lineal run of flue. 

It may here be observed, that experimenta on heating and 
evaporating must be utterly useless, unless due attention be 
given by the esperimenter to what haa hitherto been so 
neglected, namely, the quantity of heat escaping by the 
chimney ; the extent of the IraiiBmitting power of tbe 
boiler; and the ascorteiiUDg vhether the procesa of com- 
bostion had been complete. The abore described apparatm 
Buppliea the means of aacertaining, and witih great accuracy,— 
1st, the evapoiatiTe ralue of difi^n«nt deaoriptionB of coal or 
coke ; 2nd, the effect of greater or Icbb lineal run ; 3rd, the 
temperature in the working flue, indicative of the amount of 
heat produced throughout each charge of fuel ; 4th, the 
length, character, and colour of the flame ; 5th, the quantity 
of air required by each kind of coal or coke, and the most 
effective way of introducing it; 6th, the weight of water 
evaporated in any given time, and by each pound weight of 
iiiel.* 

In proof of the utter uselessness of experiments, unless 
accompanied by such data, may be mentioned the elaborate 
paper presented to the Society of Arta for Scotland. In the 
details of the several experiments, the distinctions here 
drawn were wholly overlooked. The result was, the learned 
experimenter was led to resnlts and inferences altogether 
erroneons. 

TTifl paper was " On lihe eraporatiTe powers of different 
kinds of Goal;" bul^ neglecting to take account of the 
quantities of heat or heating matter earned away or lost, 
and thb qoantity of gf^ escaping unconsamed, or converted 

* 1 hkve n^Tes tbe tH»y% det^ls, as tbey indioato vhat an the essentials 
in all lioUezB eomtmcted for experimmtal inuposes. So accnrate were the 
lesnltB vlieii tuted 'hj Vae e;^ tlu pyrometer, and the thermnmeter, that 
it haa ibr mai^ jeara been the oostom of coal onmeis to aecertaio bj this 
btiler the efbotire valne of eaeh descrip^on of coal ; themsolves, or tiieir 
BgeniB, Bnpeiintaading the openttion. 
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into smoke, he came to the ooncloaion that, " the cvaporatire 
power of each kind of fuel is in the exact ratio of thejixei 
carbon contained in each." It ia needless to say, that auch 
an inference is entirely disproved by modern practice. 

A few -words here may be aaid on the subjfict of ^uich 
and slow comhuation, as being connected with tliut of draught. 
The impression that a process of slow combustion is more 
economic than a quick process, has arisen from the fact, that 
a given weight of coal will convert a greater weight of water 
into steam under the former than the latter. Were the 
sole object the obtaining the largest measure of heat from a 
given weight of fuel, as, for instance, in heating au apart- 
ment by means of Br. Arnott'a stove — in such case slow 
combustion would be attended witb the greatest economy. 
In the use of coal, however, for the supply of steam to an 
engine, the question is of an essentially different character. 
It would thus be, not how many pounds weight of water 
may he evaporated by each pound of fuel, hut how many 
pounds of water can be converted into steam by the smallest 
quantity of fuel within an hour, or any given time. Time is, 
in fact, the test of efficiency. The following experiments 
will illuslxate the merits of the two systems. 

Coals bumt Water evaporatod Water evapontod 

par hour. per hour. par lb. of omI. 

lbs. Ibi. no. 

ffiow ComlraaUoit 8i 767 0*S7 

Qiuok Combustion 221 13S3 6*08 

iKow, if no more steam was required for the engine than 
would be produced from 787 lbs. of water withm the hour, 
alow eombustiou would be the most economic. Jf, however, 
the engine reqaired tbe ateam of 1862 lbs. of water per 
hour to work to its full end required power, then quick 
combustion would he the most desirable, as being the most 
efficient. 

Suppose, for instance, a steam ship required that the 
wheels should make 20 zerolutions per minute, and that, to. 
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produce Bucli, ike engineet lequued tiie ateato. of ISS&rlbs. of 
vater par hour, Trhat compeitsatioii for tlie consequent loBS 
of speed would it; be, that although the wheel made hut 12. 
TevolutiouB per minute, yet economy of fuel waa secured, in 
as much aa each pound of coal did more dutj, in the ratio of 
9-37 to G 08. 

ThuB, it ia evident, that eeanomy and ejicienci/ may he 
antagonistic,— economy of fuel being waste of time, and 
waste of time being waste of power. In practice, then, and 
■with marine or locomotive boilers, it may be taken aa 
estahlisbed,- that rapid ooml»iBtioii is more eoonomie of fHNe, 
and thw oomhoBtitHi otfaeU 



CHAPTER SIT. 

XSJ> liOOOMOriVB BOIKBSS, I IT SBSSBBlTOi: ' TO XHB 
CIBCUI^i.TIO:i; OF THB WAIBB ASO XHB PBOCBSS OT 
00UBU9TI0K. 

HiTTsa considered these aubjecta in reference to jliie 
boilers, wo have now to examine them in connection with 
tlic tubular system. The annexed views of a locomotive 
and a tnhular boiler wiU enable na to appreciate their 
respective peculiarities. 

In the locomotive. Fig. 116, the furnace compartmeut 
(called the fire-box) is placed at one end of a long h(Hler, 
and so apart from the tubular compartment, that, as 
regards the objecta of oitculation and er^orationf they maij. 
be conaidered. in the light of .sepazato hoilerB.. 

In the mioiae boileiB, ia £ig. 117, on the oon- 
ttary, the tabes, plao^ direotiy <nesD the furoaees, become 
enT^ped in. the atmasphere of steam generated, fmd 
riidng from the latter. TUs is virtuaUy tlw placing one bdler 
over another:— a tubBlar:OTer.aflae boiler, and -within the 
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same ahell. By this arrangement, the steam generated &om 
the furnace department (and which, is neoeaBarily the largest 




in quantity) cannot reach the surface without passing through 
the numerous close seta of tubes, and the ateam and water 
which surround them. 



181 



TEE COStBITSIIOH 07 OOAX 



So also of the water ; it can neither ascend or descend 
without first worldng its waj through the intricate mazes 
piesented hy the tabes: — no more certain method, therefore, 
could bare been devised for producing a miBchievoua inter- 
ference with the respective functions, both of the water and 




the Bteam. Here, then, is another violation of the principle, 
that "no part of the heating surface should be 80> situated 
that the steam may not readily rise from it, and escape to 
the surface of the water." 
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Duly to appreciate these obstrucidons, let the inqnirer 
only ask, what direction it was intended tbe Bteam should 
take on rising &om the aides and crown plate of the furnace; 
or the water in its ascending and descending; currente P On 

such an inquiry, it will probably be found that the projector 
had never considered the circulation or currents of either 
steam or water, or even thought such an inquiry necessary. 

So little, indeed, has the " free escape of the steam to the 
surface," or the currents in the water, been thought of, that 
we not unfrequently find the congeriea of tubes arranged, 
not in vertical Uneti but bo alternated that each directly 
intercepts the currents hoth of the steam and water rising 



Fig. 118. 




from that below it, as shown in Fig. 118 ; as if it had been 
espresBly intended to oistruct circulation rather than promote 
it, and keep the tubes continually enveloped in tteam rather 
than iuafa-i — ^both baring to run the gauntlet tbroagh a 
zig-zag course of narrow and intricate passages. 
Dr. XTre obserres, that "as the diffusion of beat through a 
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fluid mas9 is accompIiBhed by the^intestine tmrrents, whatever 
olntnicte these currents must obBtruot the • changes of 
temperature." Yet it-woaM Im diffionlt to oontrire a mare 
e&otaoL mode of obBtractmg- the intertine coireirie of bo^ 
Bteam and mter,- 

Tn prooeeding to comddBr the marine tnlndar bmler, iA 
wiU be well to take oneof modem cossinietioii^ and «innim* 
how hr its arxangemeala are in aocordance ynih ^ha opera- 
tioQEi of nature^ and paitioularij aa to the- following pdnts, 
viz. : — 

Ifit. The proportions of tlie farnace, 

2ud. The <3i9tanc« the flame and heat bave to -travd. 

3rd. Tho time available for giving out heat. 

■tth. The adnuBaion of the air. 

.Itli. Tlie circulixljon of Ihe ilcam ami water. 

Gth. The effects of tho tuhes, as heating auifaces. 

7th. The economy, 

I'irflt. — 0/ the pre^ortions of the famoBeel A remarkable 
feature of this boiler is, that its entire area may be con- 
sidered as one large furnace, indicating the dependence on 
tliis department for the supply of steam. As to its several 
parts, there is disproportion everywhere. Tlie chamber 
above tho fuel is not one-half the size it should be in 
proportion to its length. Allowing a proper body of fuel 
on the bars, there will not he 12 inches space between it 
and the crown plates ; yet in this shallow chamber, and 
under the influence of a rapid current through it, all the 
operations of gas making, gas heating, mixing with the air, 
and combnstioii, are to be carried on. On this head Mr. 
Murray justly obBerrea,* "As a large fimiaee is found by 
e^erience greatly to &oilitate tbe admiztnre of t3ie gas^ 
and to eusore -Hieir' more perfect eomboDMoit, as "well affto 
afford the mcFst effective kind of beating snr&ce, it is of- 

* SudimeiaaiT/ ZVmMm o» At MmiM jBngiK»f Bobvt Mttnajr* 
C.E. Weale. 
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great importance tliat there sliould heplenltf of room over the 
jires" It need only be observed, that in this boiler we 
have the very opposite of this recommendation ; there being, 
in factj the. least possible "rooOT over t1ie Jlres." 

Fig. 110. 




So of the ash-pit; although above 9 feet long, it has but 
an average depth of 18 inches. Thus the spaces, both above 



CigilireatiyGuogle 



188 



THZi oouBuenoir ot goal 



and below the fnel, hare the diaracter of long nairow paa- 
s^s, cauauig injadicioaB longitodinBL cimeuta, and comi- 
teracting all the processes of natuie. 

Second. — Of the distanee which the flame and heat hare 
to toavel. The deficiencj is here remarkahle, there being, 
in &ct, but a few inches of lineal rm between the fiiel and 
the first range of the tubes ; say from A to E. It may then 
be asked, what ia to become of the great body of flame and 
half-burned gases rising from the coal on an area of 20 
square feet, the bars of each furnace being 2 feet 6 inches 
wide, by 8 feet in length ; the six furnaces of each boiler 
thus presenting an aggregate bar surface of 120 aqum-e feet. 

Now the disposing profitably of this mass of flame is the 
really important question. If left to itself, and duly sup- 
plied with air, it would have extended to a distance of IS to 
20 feet irom the bridge, along which coarse it would 
continue ^fitably giving out heat, and producing evapora- 
tion. JJI this capability ie, however, here aacrificed, since, 
as already ehown, flame cannot pass unimpaired, or uneztin- 
goished, l^irongh a aeriea of metallic tubes, and without 
being 80 afi'eoted by that subdivision which weakens and 
deatraja intensity. 

The management of flame is, we have seen, at all times 
an extremely delicate and diflacult operation ; here, however, 
all the processes of nature are deranged. Here is the largest 
Toiume of gas and flame, concurrently with the smallest pro- 
vision for the admission of air for its combustion; — the 
greatest quantity and intensity of heat in the furnaces, with 
the shortest ran, and the least fraction of time for imparting 
that heat to the plate surface. Instead of being allowed to 
pursue its course, and have due time for the combustion of 
its carbon, the flame is here suddenly and mechanically 
divided into three hundred and sixty small portions, by 
being forced into that number of tubes. 

It has already been shown that it is essential to the 
ezisteuce <^ flame that its %>^& temperature be euttained, 
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anlil the process of combustion he completed ; yet the moat 
effectual means of reducing its temperature, aa shown by 
Sic H. Davy, is to ireah it up (as ia here done) into 
numerous feeble portiont. The result ia, that the carbon, of 
the gas (then in the state of flame), instead of being con- 
verted into carbonic acid, and producing a very high tem- 
perature, ia, by these cooling influences, reduced below that 
of ignition, and then conaequentiy deposited in the form of 
dense Bmoke and Boofc, The boQei nov liefore ua produces 
unvarying columns of stnolce of the blackest character. So 
great, indeed, ia the quantity of deposited carbon, that -the 
tubes ore not un&equently entirdy filled, and would remain 
permanently choked, were it not that the fuel, becoming 
alternately incandescent, and the bars irregularly covered, 
much air then passes, and relieves the tubes of the deposited 
carbon ; filling the atmosphere and covering the decks with 
masses of "blacks." 

Next to the admission of the air, the length of the run is 
the most important element of efficiency in the working of a 
furnace. Where short tubular boilers are employed in 
steam, vessels, the only alternative for avoiding the waste by 
smoke is the use of anthracite coal} and which, as it contains 
but little of the hydro-carbon gases, ocanes nearest to the 
use of coke in the locomotive.* 

With reference to the shcnrbieBa, or rather absence, of mn 
in this boiler, and looking to the great body of flame pro- 
duced, it may be regarded as rather a fortunate circumstance, 
that these masses of tubes are thus interposed, as they 
become the direct means of cutting short the flame asA 
intense heat, and thus preventing it from passing to the 
take<up and fiumel, and keeping tiiem at the dangerous 
temperature of redness. 

* TheomieiB Great jSHliatii, irith tubnlu bi^lei% Eave been com- 
pelled to idopl tluB d«niriptIoii of omJ ; 1000 tons ofittxiiig put on Iraaid 
fcBC eaah vajtgi. The boilers in tliia venel an od the doM tabnlai 
prindpis. 
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The inference is, that the tubular boiler (accompanied bj- 
a sliorfc run, ivitli a large area of fire-grate, and using bitu- 
minous coat) is wholly incompatible, not only with perfect 
eombuation, and obtaining tbe due measure of heat irom tbe- 
Aiel and flame, but even with safety, unless under the 
inflaence of eome such protection, or prerentire, aa theae- 
iobea supply, and which as effeetuallj eztinguish tbe flame 
aa the potent fire annt&i/a^or doeB, at the moment its con- 
tinuanoe would be productive of dangw. TIub is indeed 
a eoattyand eompHeatedmode of-iooteotmig-l^fmineland 
up-tal^. -NeTortheleBS, it bm tiut efifoot, though a veiy 
di&isnt one istm. that -wMeh. had be«t-oontemplated. 

Ab illustrative of tbe want of system in this matter, it 
may be mentioned that a land-engine boiler was made at tbe 
same time, on the ordinary flue principle, but in direct 
opposition to that of this tubular; — the land-boihr having a 
very long run — the marine-boiler having scarcely any. In 
the former, the flue, after passing under the boiler the 
entire length of 30 feet, was led round it to tbe chimney,, 
thus giving a run of 100 feet lineal. By tbia means not only 
surface, but distance and time were secured for obtaining 
beat from the gaseous products, and trai^mitting it to the 
water. In this marifw-boiler, on tbe contrary, by means of 
tbe short run, both distance and time are sacrificed, and oou' 
seqnently heating power lost. It would be difficult, therefore,, 
to reoomule the principles on whieh titese two boilers were 
comfanioted, seeing that their -arrangements in snob 
direct opposition to eaeh other. Either the one orthe othei' 
mnst bare been altogether erroneous. 

Third. — Of the time aXiavreA for giving out beat. S^ff ■ 
quettion of time and distance being ao direciiy connected, 
whatever influences the one must have a corresponding 
effect on the other. "When, however, we consider that the 
time or interval tbat can elapse between the passing the flame 
from tbe furnace, and its reaching the tubes, can be but a 
small fraoiion of a second, eucb must be wholly insufficient 
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for giving out the Iieat from so enormous a body of flame. 
In this respect, then, the marine tubular boiler is pre- 
eminently defective. The conaequence is, that. the gene- 
ration of Bteam is almost exclusively confined to the region 
of fhe fwmace, and the direct radiated heat from the flame 
in them. 

fourth. — Of the ai/wtwawrt of air. No provision whatever 
^,hei;e<m^)'apact.&om'tbat by the-^-pit. The manifest 
error -of soehijan Jimsuigemeiiit.'nilL be beali.HD^nitDod bj 
pcnnting t».the otter. impoesibiHiy of ihe'800,000 cubic feat 
of air .required for the gas, t(^ether with the 600,000 cubic 
feet lor the coke from the three tons of coal hourly consumed 
oa the bars, to £nd access through the body of coal resting 
on them. 

Eifth. — Of the circulation of the water. In thia boiler 
nothing has been done in aid of the circulation, but much, 
on the contrary, to embarrass both its ascending and 
descending currents. This is even aggravated by the 
circumstance of the water apace, at the back end, which in 
jfljifi ioilers, as being the coldest, and farthest from the 
foruaces, and most favourable for the descending water, is 
iere the hottest; the great body of flame being projected 
directly against it at C, and therefore most \mfavourable for 
that descending current. 

Saxi^i-~Oftie it^g, as^ieatinffMifaee, Thevalue of the 
ix^ma, in a>loBomoHve, uises from lihwr 'fmaantiDg a larger 
i^^ngate of intoeoal heotang flnt&oe for contact with the- 
Iieatod '-gaaeDiu prodoetB^theBe being' chiefly transparent 
ottrbomc acid and ozid^ and in all in^aoeesfree from smoke 
or'COPbonaoeoaa deposit. Iu'the«u»^ ^wiuZar, however, 
where coal ia used, and no such transparent gaseous products 
exist, but on the contrary, where there must be always a 
large volume of fuliginous gas and flame, the tube system ia 
wholly inapplicable. 

In adopting the tubular principle in marine hoilere, it was 
no doubt supposed that the iaoreaaed surface would bav& 
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been eqaally effective and unobjectionable as in the locomo- 
tiTe. This inference was drawn, however, mthoufc taking 
into account the chemical difference between the uao of 
bituminoua coal, in the one case, with its accompaniments of 
gaa, ilame, and smoke, and of colce alone, in the other, but 
in which nnno of thcao exist. Neither was it taken into 
account, tlint in the locomotive, the draught, and the all- 
essential volume of air introduced, was obtained by artificial 
means, and was therefore always sufficient and under control ; 
vliereas, in the marine-boiler, the required draught could 
only be obtained by a great expenditure of fuel and heat — 
in fact, by heating the fiumel. 

Serraith. — Of eeanomy. In the use of fuel in this boiler, 
eeonomtf is out of tlw gueation. The great supply of eteam 
bring gaierated &om the radiated beat and itnpacb of the 
iBame in the furnaces, the system of forcing tke^firet heeomet 
an absolute esseatidt ; the greater the wraght of coal eonsnmed 
in given times, the greater being the amount of arailalde 
flame produced. 

Aa to economy of space in limiting the length of the boiler, 
we often deceive ourselves, since what is apparently saved is 
not all gained. Plue-boilera are comparatively low, admit- 
ting much of the coal supply to be placed over them. This 
may be done without inconvenience or risk ; often, indeed, 
with comparative advantage, the coals so placed thus avoid- 
ing the accumulated deposit of the fine-powdered part, which 
takes place at the bottom of large bunkers when undis- 
turbed, and from which that gas is generated which is bo 
often found to ignite in spontoneoiu combnaMon. Tubulai 
boilers, on the other hand, are necessarily high, extending 
above the deck. The ctmse^umce is that stowage for tha 
coal must be provided elsewhere, by ^propriaHng a portion 
of the hold to that purpose. 

In the boiler now under consideration, the 360 tubes are 
placed in vertical raoges, 15 in each range. It is needless 
to repeat that the tubes, in ranges 6 feet in height, could not 
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be available ; since tbe louver ranges are the first occupied 
aa being the hottest, with aa accelerated current in propor- 
tion as tbdr area is diminialied. 
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A further disadraotage of the marine tubular boiler ia, that 
there U no place for the deposit of soot, Band, asb^'S, and 
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other matter whicli accompanies the use of coal ; or the scale 
or sediment which is found both inside the tubes as we)l aa 
outstdd of them, m the narrow water-spaces. The result 
is, that all this matter accumulates in the tubes and bottom 
of the amoke-box, requiring oonatant attention for its removal. 

Again, to facilitate the remoral and the clearing the tubes, 
the entire front of the boiler at D, instead of being water- 
space, as in flue-boilers, ia occupied by a aeries of doors, 6 
feet high, and whicli, as they are so liable to be over-heated 
and war^jed, admit much air, often igniting the unconsumed 
gas which has passed from the fLiniat-es, and sending the 
Same to the iip-take and fanni;!, kwpiiig them at a danger- 
ous temperature, as was the case iu the steamer " Amazon," 
over-heating tlieae parts whicli were under-deok, and where 
no means of extinguishment wtis available. 

A practical illustration of the dinad vantages of small tubes, 
was afforded in the boiler of the stenm-vea»el. the " Laeda" 
in wliicb, for the expn^ss purpose of deciding the question, 
one-half the boiler was constructed with tubes of S inches 
diameter ; the other having enlarged tubes of 7 by S inches, 
as shown in Fig. 120. 

The result was, that for years no repairs whatever were 
required in the latter, while the former was a eoutiimed 
source of annoyance and expense ; besides that, it vm less 
efiective oa a SEeum generator. Miiuy of the siiiall tubes 
had to be renewed ; the water spaces were liable to be filled 
with incrustation ; and the face-plate, in which the tubes 
were intterted, required to be drawn in, and the tubes again 
r'lvetted ; innumerable patches and additional bolts were from 
time to time introduced to secure the back face-plate, and 
preserve it in its place. 

Here also was a practical conHrmation of the fact, that the 
mere circumstance of having a larger aggregate surface had 
no effect in producing increased evaporation, the aggregate 
surface of the small tubes, in the one-half of the boiler, b6ing 
d{^uble that oftlte larger ones in the other half. 
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An inetnnce of tlie desire to obtnin a large aggregate of 
interaal Hurl'ace, but without due considerutiou as to its 
being available or brought into operation, was shown, in the 
late i<ubstitutioD, in a vessel of great magnitude, of a tubular 
for a flue boiler; a change, however, wliich was the reverse 



Fig. 121, 




Oigiuzad by Coogk 



THB OOUBITBTIOIT OF COAL 



of being iMneficial. This boiler, &b represented in the 
annexed figures, was not less than 18 feet 6 inches bigb. 
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This maybe called a Iripte hoiJer — eti«_flite,andfmtab»Iars. 
Looking to the courses whiob the atagm and water had to 
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tuke ia this boiler, it would be difBculfc to estimate the 
amount of obstructiorm which each would hare to en- 
counter, or the impediments interposed to their respectire 
fonctioDB. 

Ab to the general eharaoteriatioB of marine tubular boilers, 
Mr. Murmy, in his reoapitubttion, places them in atomg 
contrast with what be considers the moai important re- 
gaisites, and which be enumerates as follows : 

'* Ist. The boiler should be designed with a sufficient 
Rmount of heating surfaee, ao contrived, that as little of it as 
possible may be rendered iaeffective, either from the relen- 
sion of steam in contact with it — from theformntion of scales 
within — or from the deposition of ashes and soot iu the 
bottoms of the flues and tubes." Now, the tubular system, 
where coal ia ateS, is in direct opposition to all these condi- 
tions. 

" 2ai. The fire-bar surface should be sufficiently large to 
admit of the necessary quantity of coal being consumed with 
thin open fires." The policy of this condition, ofthin open 
fires, may be correct, where the boilers are sufficiently lai^ 
and the consumption of fuel slow, as in the Chrnish imler ; 
but is inapplicable in the wariTie fytbulm', which, by reason 
of the short run, and the necessity of throwing bo much 
duty on the fitxoaces, involres the necessity of hard firing 
and thejhrehg n/stem. 

" drd. That the pn^r area be maintained tbrough the 
fiues and tubes, and that the passage to the chimney be 
Buch that the draught be not interrupted." In the 
tubular boiler, the interposition of the mass of tubes is 
peculiarly instrumental in checking and interrupting the 
draught by their cooling and other influences, but without 
which, as already shown, the funnel would be kept at a 
red heat. 

"4ith. That %\ie furnaces sliould be roomy, ani that the 
fires should not be larger than can be conveniently stoked." 
These couditionB aa just shown, are the very reverse of what 
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exists ill the marine tubulHr, more eapecially the first, 
enjoining n roomy furnace. The last head of thia recapitu- 
lation ia, however, as fuliowa : 

"5th. "Which is, perhaps, the moat important of all, and 
the one most neglected, that experienced and careful fire> 
men be provided." Now, what the duties can be vhich 
demand each care and experience as to make tbis condition 
"the most important of all," is however, not intimated, and 
neyer has been explained by any -writer. It is, indeed, much to 
be feared, that tlie general ineufficienoy of boilers, caused by 
the abnence of many of the truly important requisites, are 
too ofien laid to the account of cart-leas or inexperienced 
firemen ; yet, it may be taken for granted, that if any duties 
are required, beyond those of the very simplest character, 
and which can bo taught any able and willing man in an 
hour, there must he some more serious mal-arraugement 
than can be remedied by any amount of care, skill, or expe- 
rience on the part of the fireman.* 

This is the more entitled to consideration, seeing, that in 
ifae above recapitutattoo, nothing is sud of that vrhioh is 
really tbe most important requisite, itaQiely,.tb6 proriaion 
for tbe admission of the air to the gat generated in the 

• Where tlia air ia properly introdnoed, the dnUes of firemen are all oon- 
ta'aed in the fullowing instructions : — 

IsL Ucgia to charge the furnace at the bridge end, and keep firing to 
within a few inches of the dead plate. 

2nd. Never allow the fire io he so low, before a freah charge is thrown 
in that there filiall not iw at iQaat foui- to five inches deep of clear, incan- 
descent fuel on tLa bars, and equally spread over the whole. 

8rd, Keep the bars constantlj and equally covered, particularly at the 
s^ea end bridge end, vhete tlie fuel bums awqr nust nqudlyv 

iHb. If tbe Aiellninuiiii»qiullT, or into holea, it matt be levelled, itnd 
tiie vuant sp&eea filled. 

Sth. The Urge coab miiEt be biokai into ^ecn not Ugger tiutn a man's 
fiih 

6tiily. When tbe uli-pitiaalialloiP, H mart bemorefre^nentlfeleBnd 
ant. Abody of hot oiudenoretlieat and bumtheban. 
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furnace cbamber. Yet the great qneBtion of perfect or 
imperfect combustion iuvolres tlie providing the relative 
Tolumes of air and gas. How strange, that with OUT present 
knowledge of tbe chemistry of combofltion, bo much streHS 
abould be laid on mere questions of proportions, Tchile the 
main point, the j)riinum mobile, is neglected. 

On the inadequacy of the short boiler, short run, and 
short time for the performance of its several functions, Mr. 
Murray judiciously observes as follows: — "Superior 
economy of lartfo boilers. Here arises a principle of 
ecouomy, from the use of boilers of ample capacity to gene- 
rate steam without the fires being unduly disturbed; and 
it ia believed, that on this ground alone, can the alleged 
superiority of slow over rapid combustion, be maintained." 
There can be no doubt on the subject. The true corrective 
then of these inconveniences consist in letting the size of 
the boiler and its parts be commensurate with the demand 
for steam. 

Ill illustration of the want of any fixed principle for the 
internal arrangements of the several parts of a boiler, it 
may he mentioned, that during the Parliamentary inquiry 
on the smoke nuisance, engineers insisted on what was con- 
sidered the main essential, and which is the reverse of the 
present practice, namely, that boilers should be large enough ; 
and that uaste, injuTj, and the smoke nuisance, were the 
necessury results of making mall boilers do the work <ff 
larger ones. 

Pressed by the value of space in marine vessels, engineers 
have, however, no alternative. In the arrangement of the 
vestiela sufficient space is not allowed ; all cooBidenitioas are 
made to jrield to large holds, or large passenger accommoda- 
tion, while tlie hoiler, the ywy source of its power, is shorn 
of itB'necessary proportion. Into the short space of ten 
feet three tnclii^a, the marine boiler we have just been con< 
sidering (of above 300 horse power) had literally to he 
stowed, and not one inch to spare. To thi« shortness, th^re- 
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fore, ia ihe boiler, is «f;tributaible the violation of all tha 
lawB of nature in voriting out the pTocesBes of combuBtton, 
cirouIatioD} aad evaporation. Engineera are required to 
coDBtruct small boilers to do tbe work of inrge eugines, the 
evil of which hna been so well illustrated by Mr. Fairbaira 
in his Ute publication. Under these imperative inBtruc- 
tinna, they incondderately turned to the plan of the locomo- 
tive. The o»nera of ateiiin vessels will in time fiod out 
their error. It is, however, unreasonable that limits should 
first be imposed on the engineer which are incompatible 
with efficiency aud economy, and that he should then be 
condemned for not providing the due quantity of steam, 
and the i-equired amount of pressure; for causing too 
heavy a consumption of coal j the frequency of injury to 
the furnace-plates ; tlie waste of fire-bars ; the great 
nuiaance of smoke ; and the rapid deterioration of the 
boilers themselves. 

The consideration df these resttlts lead to the conclusioD, 
Ist. That the system of numerous email tubes ia radically 
erroneous, both with r^erence to the carrying and ttansnut* 
ting the heated products leitkin them, and to the currents of 
steam and water autsida them. 2iidly. That the placing 
the mass of tubes above the furnaces and Sues, renders 
the application of the tubular system doubly vicioua, by its 
interference with the functions of the steam and water; 
thus directly intercepting and obstructing their rising aud 
descending currents. 3rd!y. That the short boiler, with its 
short run system, is directly opposed to the operations 
of nature, as regards the mixture, beating and combu^i- 
tion of the gaseous portion of the fuel, with the very 
large quantity of atmospherio air which ia absidutelf re- 
quired.* 

* 1ST. Craddook obswrei^ "I am bcnmd to ay, that lb. TTilliuiu^s 
pUn meets the eaodiUou yiUah diemistiT reqnina for p«rftat oratbustuai, 
better than any otber with wliicb I am aaqnaiuted. ISx. WUUama jovoeeda 
npootibopriiiaitile of mixiiig tite gas In the furnace with niiiiunnB mutll 
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CHAPTER XV. 

OS lUE USE OF HEA.TED Alll ANU ITS SUPPOSED VALITB 
IN THE FUBIfACES 07 BOILERS. 

SiKCE the appearance of the first part of this treatise, 
showing the necessity for admitting air to the gases gene* 
rated in the furnace, apart from that admitted by the ash- 
pit, numerous patents hare been taken out for e^cting that 
purpose. 

With the view of obtaining credit fcx orig^ality, none 
hare attracted more attention than those which assumed 
that the air introduced was to be heated, and that it would 
thereby become more effective. These plans, howerer, do 
not merit notice, either on the ground of theory or practice. 
It is right, nevertheless, that the public be put on their 
guard against being misled by the many plausible theories 
connected with this hot air system. 

Among the devices by ivliich the public liiive been led 
astray, may be mentioned, the iiao of hollow bars, supple- 
mental flues, calorific plates, self-acting valves, double grates, 
heated tubes, and such lilte contrivances, — some of which 
have already been noticed, — overlooking the fact, that the 
whole question, as regards furnaces, and the best use of 
fuel, depends on the bringing the solid and gaseous consti- 
tuents of the coal and the atmospheric air together, in the 
proper way. 

"Vrheil these so-called inventions came to be examined, it 
was found that they were incapable of imparting any senai- 

jets of air. TLese Innumemble small jets, b; reason oF their more readily and 
completely miiiiig with the atouB of the Bombiaing gaaea, muat be aduiittcd 
to ba well calculated to produce tb&t inlimat« mi)i{;UDg which cheniiitiy 
diows to ba abtohlt^ nutuarg." 

K 8 
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b!e degree of heat to tlie great volume of air required. Tliat 
they were, in fact, ljut bo many proofs of the ingenuity of 
their rt'i^perfcivo ndvoeiites, and of the ease with which the 
pubhc may be iiiiposed on ; and that the announcement of a 
scheme for consuming, or preventing amokc, by the uae of 
hot-air waa a mere profeasional and ad ca/dandum averment, 
based on no [jrinciple, justified by no proofs, and supported 
hy no chemical or practical authority. 

The idea that there waa some undefined value in tbe use 
of hot-air, originated in the faot-blast Bystein in the manU' 
fkctare of iron. Tbe principle or proceBs b; whioh iron 
be melted baa, howtrer, so little relatioD to that hj which 
tiie combustion of tbe coal gas in furoocea is effected, that 
no analogy whatever exists between them. 

To sliow in a still stronger point of view tbe deception 
practitied, either on themsflves or on others, it may be 
observed that it ia not to tbe coke or incandescent part of 
the fuel on the barn that these patentees would apply the 
bot air, (as is done in the iron furnaces,) but to the janes in 
the furnace chamber, where tlie great disproportion between 
the relative bulk of the air required, and tlie g:is, is already bo 
obslructive of rapid uiilou and combustion, and one of the 
great difficulties to be encountered. 

■\Vilh reference to the use of hot-air in boiler furnaces, no 
inquiry appears to have been made, either aa to the tempe- 
rature to which its advocates would raise it; or even 
whether, by any of tbeir plans, it would be heated at all. 
Still there was sometbiiig so plausible in the enundation of 
a plan "for consuming smoke by means oC bot air," that it 
listened to by many who bad no means of inresf^ating 
its supposed merits, or detecting its fallacy. 

The first question for inquiry bore is, what would be tbe 
efiect of heating the air before it would be introduced into 
the furnace P ' Cheinicalli/, no change whatever is effected. 
Mechanically, however, an important change takes place, 
namely, that its already uuwieldy Tolume is stiU furtbar 
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increased. Thus, if a. cubic foot of air Vo heated oue addi- 
tional de^ee, its bu k will be increased '^-^i; part ; consO' 
queotlj, if heated hy an addition of 480 degrees, its bulk will 
be doubled. 

Let n8 tlien see if any effect be produced oa ita consfitu- 
ents by this enlargement of its volume. Let Fig. 123 re- 
present a body of air at the temperature of 32*, and weigh- 
ing 86 grains, viz., 28 grains of mfcrogen, and 8 gruna of 
oxygen ; tbeae being the proportiona as they exist in the 
atmospheie. 

Fig. I2S. 

Air ;a ^2" = 3C gi-iliis — -23 iiitrogeii, S uXit'i:!!- 

Again, let Fig, 124 represent the same weight of air, 
heated to the temperature of 32 + 480 = 512" ; its bulk 
being then doubled. Nevertheless, there are still but the 
aanie reUtive weights, viz., 28 grains of nitrogen and 
8 graina of oxygen, and no more. 



Fig. \U. 




Air «t 32" IS 8S gntiiu = 26 nitrogen, 8 nygea. 



Now, as tlie efficiency of the air in producing combnation 
aud generating heat is not in the proportion of the htifk, 
bat of ih«^ weight of oxygen it contains, nothiug boa been 
gained by aovh increased tempentaxe; Trhile^Uus great 
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practical disadvantage has been incurred — that dottle the 
volume of air must bo introduced into tiie fumacd; aod, of 
course, double the draught must be obtained before the 
Bame quantity of gas can be consumed. 

The practical inconTenience of enlarging the volume of 
the air by heating it is easily illustrated ; for if the oxygen 
of 300,000 cubic feet of air, at atmoepberio temperature, be 
required for combustion of one ton of coal, it would require 
that of 600,000 cubic feet if raised to 612°— ft TOliiiBe which 
no natural draiyht would be equal to. 

Sir H. Davy says : " By heatiag tironffly gatea that bum 
with difBcuI^, the continued inflammation becomes easy." 
TfauB, as they are more easily inflamed when hot tbaa cold, 
we have this testimony in U-voax of heating the gat rather 
than the air. With reference to heating the air, and 
thus expanding it, Sir H. Davy does not appear to have 
attempted it ; but he has done what was more to the point 
—be tried the effect of condensing it. Professor Brande 
says : " Sir H. Davy found considerable difficulty in making 
the experiments with precisioa ; but he ascertained that 
both the light and beat' of the flames of sulphur and 
hydrogen were increawdin air eondmtedjbar timet." This 
is decisive against heatitiff the air, and in Javonr rather of 
eondennng it.* 

If, as already shown, by heating the air we necessarily 
enlarge its bulk, and reduce the weight of oxygen in each 
cubic foot, we as necessarily diminish its efficacy in the 
furnace. ITndeF such drcnmstances, the only altemaUre 
would be the increasing the draught, to compensate by 

* Ur. David Uoshet, in & letter on the hot ur ftUaoy, veil dMcribw 
people flying to produce "a great revolution in iteank engine fnittkcea, 
bj Bpplfijig hot &ir to the mere combastion of coal;" and settles the 
qnesUoii at onco whcD he siya, " The ^alue of dense air in promoting 
eombostion is to ODdeai:ibly eBULblisheil, that we shoold do better to attempt 
to toUd^n it, in oonlact vith combustible matter, ntber than to 
velatUiM 
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iacreased quantity for diminiahed -n-eiglit. Were it possible 
to heat the air without causing any enlargement of its bulk, 
we should then be in a position to decide on the relative 
merits of air at any giyen temperature. As, however, that 
is imposBible, it is indisputable that we gain nothing by 
heating the air, more especially when we do so by the 
suicidal meaos of taking heat from the yery furnace in 
Trhich it was to be used, while we should senously em- 
barrass ourselves by having to increase the draught, and 
which could only be done by some mechaoicoL blowing 
apparatoB. 

Again, see the pbysicd difiEculfy which heating the air 
would enato in the preliminary operation of mixing : the 
atoms of gaa being thrown, at a greater Stance from each 
other, by the enlargement of the bulk of the intervening air, 
as shown in the annexed figures. 

I'ig. 125. 

The large circles represent 
atoms of air, and the small black 
circles those of the gaa ; each of 
the latter being in contact with 
four of the former, equal to ten 
times its volume. 



'Sig. li!6 TeEOvsents the sam^ weigM of gas and air; 
the only difference being, that the air is shown with its 
enlarged volume consequent on its increased temperature. 

Here is truly represented what would occur by heating 
the air, the atoms of gas being thrown so much further 
apart, and consequently producing a correspondiug difficulty 
in ejecting that atomic mixture which is the main requisite 
of combustion. Thus, in whatever point of view the subject 
is considered, it is manifest no chemical or pcautioal good 
can be e&obed by heating the air. 
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Fig. 1-26. 




Tbe uBe of hot aii having engaged the attention of 
Mr. Frideaux, in connectioa with somo departmente of the 
manufacture of iron, he ondearouTed to reduce hia theory 
to practice; but candidly admits that "his anticipations 
were not realised,'" Kis observations, however, as given in 
his treatise already referred to, are so conclusive against 
the use of hot air, and so coofirmatnry of what is said 
above, that it can only be a matter of surprise he should 
have lent himself to tbe hot air fallacy. 

He correctly observes : " There is, no doubt, more heat 
contained in the products of combustion from a given 
weight of coal and air heated before ignition to 720°, than 
would be contained in the products of the eatne quantitdes 
hff weigU of gaees ignited at the tempeiatnre of -60". Wbm 
we take given flwonuvf, however, instead of given vmghta, 
ihe can %$ rawt^** 

This is the vbole case of the furnace : it is not the 
ffiMfwv of the air introduced, but the weight of oxygen in 
each cubic foot that vriU influence tbe amount of heat 
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generated. His reasoniug throtigliout is " in explanation 
of the effect of hot air in diminis/iinr/ the hent of tlio 
working chamber of reverbenitory furnaces," ;md he might 
add, a fortiori in the furnaces of boilers, Ti'here no aid could 
be bad from roechanical draught or preesure, to counteract 
the effect of that increased Tolome which heating the 
would produce. 

Again, he obaerveB : " Whenever I took any steps to 
effect this object in the puddling furnace, I encountered 
the fact, that precisely as my arrangements for heating the 
air became mate perfect, did I deatruy the draught through 
the fuel, deaden the Sre, and leesen the yield of iron. This 
imexpeeted result I attributed to the rarifleatton of the air 
in the ash-pit. When the atmoaphete ia 60°, air is do^h 
in volume at 568°. "When thus rarified a much tntaller 
quantitjf will pats in a given Htne, under the ordinary 
pretsure of the atmosphere, than would pass were tho air at 
60*, and, consequently, of double the density. The result 
is, a greatly diminished draught, and leas intense com- 
bustion; and it is to not haviiuj Hihtly appreciated tJiesa 
conditions that the numerous failures which have been 
incurred in attempting to apply heated air to furnaces, must, 
in part, he attributed" 

Beusoning cannot be more correct, and at the same time 
more conclusive, against the error of attempting to increase 
the efficacy of the air, in the combustion of coal gas, by 
beating it. 
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CHAPTEE XVI. 

Oir IHI UTFLUENCB OF IHI ITAIES QEITBBATBJ) IK TVB^ 
KA0I8 rBOU THB COUBCSIIOy OF THB HTSBOOEN 01 
THK BA.8. 

AiiKEADT many proofs bare been given of the'injuriouB 
results of tb'e tubular eyttem, vhere gaa and flame bave to 
be dealt with. There is one other circumstance still to be 
mentioned, and vbieb demands particular attention, namely, 
— the generation of a large quantity of water in fumaces in 
wbicb coal gas is produced and consumed, and which, being 
iu the form of steam, becomes the largest product of that 
combustion. 

In the ordinary use of coal gaa, the presence of this 
water of combustion attracts no attention, — generated as it 
19 in small quantities from the ilame of each separate 
burner, from the enormous quantity of gas, however, 
which is hourly generated and consumed in large furnaces, 
the great quantity of water formed will be found sceom- 
panied with evils of a serious tnagnitade, unless due pro- 
Tisioii be mads for its disposition. It seema strange that 
the numerouB .writers on the construction of boilers, and 
the combustion carried on in their furnaces and fines, should 
have omitted all reference to this great quantity of water, 
and the important diSerence iu the mode in which it is 
disposed of, in flue and tubular boilers.* 

* It q^T^ by a paper road at the Iiutitutioa of OItU Buffueeax, 
June 13, 1848, that in gonH^uenae of the aeriona injnry aoataiiied hj ti» 
books in the library of 13m Atlienienm, London, the atbentioa of Mr. 
Professor Faraday, aa veil aa of other n^tlfic members, wis drawn to 
the subject of venUIotijig the lamp burners. The reanlt wu the adoption 
of a Byttom, by whieli Iho wateri and other produota of the oombostion of 
tiu gu, m efibotoaUy oairied amy. The plan ooa^ita of pladng a 
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Tlie fact of this great quantity of water being produced 
admits of no doubt. Bituminous co&l, we have seen, con- 
tains from 6 to 6 per cent, of hydrogen, and as each pound 
of hydrogen, in combuetioD, combineB vith 8 pounds of 
atnnoftpheric oxygen, the product is 9 pounds of vater. 
Each hundred weight of coal, then, containing on ao averts 
o{ pounds of liydrogen, the product will be nearly SO poQuda 
of water. Thus the gas fivm each ton weight of coal will 
produce about half a ton weight of water, in the form of 
steam. 

WhpE the coal gaa ia generated in the furnace, the first 
operation towardd its combuation is the union of its 
hydrogen with the oxygen from the air, forming water. 
This chemical union, aa already showu, produces that 
intense heat which raises the other constituent — the 
carbon, to the temperature of incandescence in the form of 
bright visible flame. It is this beat which, on being 
applied to some solid body, as charcoal, or lime, produces 
the extraordinary luminosity exhibited in the oxy-hydrogen 
microscope. 

The water thus formed, ftles off in invisible radii, from 
the surface of the flame, and with the explosive force due to 
its high temperature. The pi-etience of tliia water may be 
made visible by approaching any cold polished metallic body 
(as the blade of a table knife), near to, but not touching, 
the flame of a candle. The previously invisible radii of 
steam will then be seen condenaed, like moisture, on the 
polished surface. 

This may be exhibited on a larger scale by holding a new 
tin ktittle of cold water, with a bright bottom surface, ouu 
or twtf inches above the glass chimney of an Argaud gaa 
burner. The water of combustion will soon appear con- 

seeond glan t^linder, larger and fatller tbaa the vtiiantj one, over it. 
This outer ^au ia clowd at the top, and the produota, pasaiiig downvards 
iKtween the two glauea, an canied tMttj by a metal tabe to the chimney 
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denscd on the bottom, in presence of, and as it were in 
defiance of, the great heat to wbich it is exposed. This will 
coattime until the water in the vessel reaches a tempOTa- 
ture of 80'. 




By the apparatus shown in the annexed Tlgure 127, thia 
water may not onl; be cundenst^d, but collected. It conaists 
of a tin Teasel, jl, about four feet long, filled with cold 
water: — the flame of a large gas burner B, and the heated 
products pasaiog through the fiue o, slightly incliued from 
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c to D, to &rour the eacape of the condemed watier of 

combustion. 

The flame and other products of the gaa being directed 
through the flue, the steam will be coEdensed within it, and 
the water will continue dropping from the lower end into 
the Tessel a, as long aa the floe remutui BufBcienily cold : — 
the other piidocta paasing off by the Amnel, and at a vaiy 
U)w tempexatnre. 

Tltia process may be continued for any length of time be- 
having aome ice in the water to keep the temperature of the 
flue sufficiently low to promote immediate condensation of 
the steam. Here the Jlame appears literally converted intO' 
water, these being the only two of its products that are 
visible. 

It is now to be coiiBidered, how is' this great volume of 
steam to be disposed of. 

In boilers on the ^ue system where there ia rafficient 
room, this steam produces no injurious eflect, by reason of 
its having space to separate itself irom the flame, as rapidly 
as it is generated. 

In the tubular system, however, the injurious influence of 
this mass of steam is serioiu and palpable. Instead of 
passing away in a floe, with s sectional area of 8 or 10 
square feet, it ia forced by the draught into the hundreds of 
small metallic tubes of but two or three inches in area, and- 
thus brought into immediate and even atomic contact with 
the flnme, Jrom which it had just been separated, — both 
struggUug to enter their narrow orifices at the same 
moment. The immediuto and inevitable result oftiiia com- 
pulsory mixture is, the cooling the atoms of the carbon, 
which gave luminosity to the flame, and its consequent 
extinguishment, precisely as the steam formed by the com- 
bustion in Phillips' Are annihilatnr acts on flame, when 
brouglit into contact with it. By the tubuhir system, the 
great body of steam bi'ing thus mechanically compressed 
into the closest possible contact with the flame on entering 
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the mouthij of the tubes, is compelled to act the part of the 
annihilator. 

It is this artificial mixture of the dry carbon with the 
steam that forme the Rooty iocrustatioii ia the interior of 
the tubes, flues, and chimney. Were it not for the preisenee 
of this steam, the dry pulverulent carbon, such as we see 
collected on the wick of a tallow caudle (where the new- 



Fig. 188. 




formed water baa no access to it) would, from its leTity and 
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dryness, pass off rapidly by the cliimTiey ; forced, however, 
into contact with the steam, a black, pasty, non-conducting 
mass ia formed, adhering to whatever it touches, and soon, 
from the heat, becoming hard and solid. 

It need scarcely be observed, that nothing of this kind 
occurs in the tubes of the locomotive ; no hydrogenous gas 
being generated — no steam of combustion formed, and, 
consequently, no carbon or soot deposited. 

The provision -which nature has made for the immediate 
separation of the water from the heated flame may be 
noticed in what takes place in the flame of a candle. When 
left to themselves, the several products of the combustion 
of the gas, rapidly and effectually separate, bo as not to 
interfere with each other, or reduce the high temperature 
on which perfect combustion and luminosity depend. 

Kg. 129. 



In the flame of a candle, tlie undeeomposed and uocon- 
Bumed gas appears surrounding the wick, and in the centre 
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of the brilliant iocandescent carbon. OutBtde this vbite 
exterior, and t'orming a semi-tranaparent film of one-teuth of 
an inch in diameter, may be observed the vertical stream of 
carbonic acid gas, the product of the carbon ; while that of 
the other cotiHtituest, tie hydrogen, were it visible, would 
be seen flying off ia TBdii, until abswbed into the aut- 
rounding atmosphere. 

The imueied Fig. 128 will r^reamt a verHoal, and 
Jig. 129 a croaa section of the flame ; a repreBeoting the 
carbonic acid, and ft the radiating ateam. Instead of 
imitaiitig tliis process of nature, ia keeping asunder those 
several products (carbonic acid, nitrogen, and steam), wliich 
would neutralise each other, we force them into the most 
unu^itural mixture and union, regardless of their chemical 
action when brought into contact. We here Bee how 
absolutely necessary it is that in every stage and process of 
ooinbuscioa we keep in view tho'se truths of nature which 
cbemiatry has bo clearly indicated. 



CHAPTEB XVn. 

OIT nrOBSASnrO IHB BSAT-TBAirSUITIIKa powxs oi ihb 
IKTlCalOB PLATtf BUaFAOJt OF B0ILBB8, 

This branch of the subject has hitherto been entirely 
overlooked. Inquiry has shown that the mere providing a 
large internal surface will not sufEL-e for taking up the heat 
generated in large furnaces ; aud that, to turn to account 
any portion of that which, under the best arrangement, is 
now absolutely lost, we must look to ether means than the 
tubular Bjstem, 

The question for consideration is, whether an iron plate 
cannot be made to tranamit more heat to the water than ia 
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due to ita mere superficial area. From what hna been 
shown of the slow rate at which the air enters the furnace, 
when meehanically divided into jets or filmB, wo are not to 
infer that the gadeaus products, when raised to a high 
temperature, wiiMn the furnace, would pass through the 
flues at the same slov rate. On the oontraiy, we Qnd thoae 
products are hurried along the face of the plates at a 
considerably increased velocity. This it is which cults for 
increased means of transmiasion from the heat to the water, 
when larger engine powers are employedj and more fuel is 
consumed. 

TJuder the most favourahle circumstances of boilers, a 
larger poriion of heiit will be lost than would be required 
for merely producing the necessary drauglit. Esperiiiieiit3 
were, therefore, uinde with the view of counteracting this 
great waste of Ijeat, and which established the fact that it 
was possible, to a certain extent, to iueresBe the quantity of 
heat traufimitted by any given surface of plate. It is 
true a plate, 10 feet by 10, equal to 100 square feet, 
preaetits the same amount of surface area aa one of 100 
feet long by one foot wide. As a steam generator, 
boh-erer, the effect would be veiy difftireut: — the liHeal run 
or distance travelled over being as 10 to 1, and occupying 
ten leeond* of time in the first, and but one second in the 
other. 

When the gaaeoua products of combustion are carried 
through fluea or tubes, this iiiieal current pasiiea at i-ight 
angles to the line oj transmission of heat throuf;h the plate. 
If, however, we heat one end of a rod of iron, a large 
conducting power is brought into action, the heat passing 
longitudinalli/ along its iibres. Now this is the power that 
has been here rendered available. 

Independently of the conducting power which a metallic 
pin or rod may have, it possesses then a receiving pow^, 
greater than is due to its mere diameter. 

Suppose an iron or copper pin of half an inch diameter, 
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inserted in a plate, and projecting into tbe flue three inehes 
bfyond its surface, and across the current of the heated producta. 
In Bucii case, the portion of such plate occupied by it will 
be equal to a disk of but lialf an inch in diameter, while the 
pin itself will present a lieat-receiuiji^ 8w»^cc of 4j inches. 
By this meaus we obtain an effective heat-receip/ny surface, 
nine times greater than the area of the plate which the pin 
occupied. If, then, a series of these conductors be inserted 
in the flue and furnace plates, there will be an increased 
effect from the circumstance of the current of the heated 
producta frtftn^ directed offaitut them, instead of patting along 
the tmfaee of the plate. 

The popular impreBsion that the three*legged pot trailed 
sooner than tbe one mtbout legs^ thongh it passed aa a 
&ble, was, neTertheless, a true (me, — ^the legs acting the 
part of beat-conductors. This was tested by having a large 
pitcb*pot constructed with twenty legs instead of tliree— 
the bottom being thus furniabet! with so many projecting 
conductors, each six inches lo»g. The result was, that pitch 
or water was more rapidly boiled in this than ia ono of 
the ordinary kind. The principle of projecting beat con- 
ductors thus was shown to be entitled to attention, and 
practically available. 

The following experiment ia illustrative of the increased 
evaporative effect produced by the conductor pins. In Fig. 
180, Plate 9, 1 and 2 are tin vessels containing the same 
quantity of cold water, 1 being furnished with the con- 
ductors made of ^ copper wire, and two left plain ; a 
thermometer, 4, being Biupraded in each : 5 is a venieal 
flue, through which the producta from the flame of a 
large gas-burner passed. "Eig. 181, Plate 9, is a sectional 
view of the same. The temperature in both vessela was 
taken in two minutes' time. The following are the 
progressive rates at which the water was Taised to the 
boiling point. 
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Pan nlth Cooductars, Pan ivithout Coudiictova. 

luil^l lempentnn, 61° Initial Temperelore, 61° 16 . 163* 

After 2 miniileti, 76° After 2 minittei^ 70° 18 . 171° 

. 96' „ 4 „ . 82' 20.181' 

. 124' 6 „ . 101° 22. 188' 

, 151° 8 „ . 118° 21 . 196° 

. 177° „ 10 „ . 130° 2S . 203° 

, 201° „ 12 . IJG^ 23 . 210° 

. 212' ,, 11 „ . loQ" 29 . 212° 

Thus it appears that the water ia the pan nvith the heat- 
conductors, waa nused to the temperature of 212° in 13 
minatea, vhile that ia the pkin pan required 29 minutes. 

The following experiment showa atill further the valQO of 
asaisBog the evaporaliTe power by the aid of these con- 
ductors. 

Three tin hoilers, aa in the annexed Plate 10, were placed 
in connectioQ with a large laboratory gas burner. In each 
was put 22 lbs. of water; 30 cubic feet of gas were consumed 
in each experiment, in two hours and forty minutes. The 
leauXt waa aa follows : — 

Itw. oz. 

No, 132, without condttotow, evaporated 4 li of water. 
133, witlt conductors on one aide only 7 li ,, 
131, with conductors projecting on 

botli aides . . . .85 ,, 

The quantity of gas consumed was the same in both 
cases, — the heat generated was the same, — the area of &ae 
plate was the same, — the difference in effect was therefore 
alone produced by the greater quantity of heat tratumitted 
to the water, longitudinally, through the eonduotort. 

In this case, the heat couYcyed to the water, and that 
etcaping by the funnel, showed that where the waste heat 
waa gceatest, the evapomtire power was necessarily the 
least. 
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Bee FUte 10, 

Fig. 132. PiH WITHOUT CoiniuoioBS. 



Om consumed. HeatorWnter. Ileat Mcapiug, 

, 68 .... (12 
6 feet. ... ISO .... 882 
10 .... 163 .... 800 

16 • . . . 162 . . . . m 

SO .... lei .... 806 
35 .... 166 .... 402 
80 .... 166 ... i 406 

988 2432 
Enporated 4U)s. 14 onscea. 

' Figl 188. Pah \nTs Cordvoiobs ttMwmm ox an mt, 
Gh MMumed. HmA of Tat«r. Heat Moapiitf. 

. -SB .... 62 
5 feet. . . 148 . . .367 

10 .... 160 .... 280 
J5 . . . - m . . . . S8» 
20 .... 178 .... 8B2 
3G ..... 186 .... SOO 
80 .... 188 .... 320 

108S 1996 
Bmponted 71I». 18 onnees. 

Pig, 134. Par niTH CottsuaroBS paojscTina oh boih sides. 
(iai emuumed. HeatofWater. Heat escapinK. 

68 . . . .62 
Sbet. . . . 152 . . . . 248 
io .... 174 .... 273 
16 . ... 178 . . . . 276 
20 .... 182 .... 378 
35 . ■ . . 18« . • • . 382 
80 .... 188 .... 284 

1110 . 1708 
Enpoiated 8 Ibo. '6 vamxa. 



The compariBon of the three pans then stands thus ; — 
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1 Pans mthont oondnctoFa 9SS 

2 „ single oondnotra . 108S 
S „ donbla condnctoi , 1110 



Hut retained. 



Heat lost. 
2432 

im 

1708« 



Numerons instanoeB might here be given of the succesaful 
application of these heat-conductore both in land and marine 
boilers, in which seyeral thousands of 3-ineh pins have been 
inserted, and where they hare been for years doing constant 
duty without a single failure or leakage. 

It is here worthy of remark that M. Peelet, in hia Traite 
de la Ohdleiir, has suggested a siinilar mode of increasing the 
transmitting power of a given area of a plate. He begins 
bj distinguishing the three charaeteristicB of a plate. 
I^irsf^ — ^tfae reception of heat by one side. Secondi-Hifca 
emiasiou from, the othw aide. And Third, the ^owe*. of 
conductitm through -Hie body or thickness of the pkte. 
He then oboerves a plate <^ metal has the power of 
transmitting far moro heat than it is really and practically 
called on to transmit, on account of tlio euiTent by which 
the heat is htirried along the face of it. 

Among the modes of countcraL'ting this vapid current, he 
observes : — " If the plates were crossed hy metallic lars, 
which should prci/ect to a certain extent into ioih fluids 
(gaseous or liquid), one of which was to heat the other, the 
extent of surface contact being increased (by the bars), the 
quantity of heat transmitted tvould le increased, and the more 
so, as the stratum or film of the fluid in contact with the 
bars would be continually changing." He then supposes a 
case of hot air (as the products of combustion in a flue) 
passing .through a tube surrounded by water, to which the 
heal; was io be conveyed, and beii^ intwrted hy mstalKe 
hars pn^ecUty both inwards and outvMtdt. In su^h- esse 
the mterior projeotdons will become heated, and this heat, 

Vbue, and other ezpedmentB bi Ulnatratirai of the eune teaolt^ were 
pablished In the Ueidiuiio^ Mago^n^ in 1812. 
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fasang t3mg the hart, tmll le given out JHnt their awfacet. 
It -will here be seen, thai tliiB is identical mth the illuatra- 
tions hero giren. 

M. Fedet obseires that this arrangemeiit has not "hitherto 
heen put in practice. He was not aware, however, it may be 
assumed, that it had been previously, and many yean, in 
practice both in land and marine boilere. 

Conductor pins were applied to the boilers of a six-horae 
engine. The result was, that each inch deep of water, 
which previously required twenty-eight minutes to eva- 
porate, waa, by means of the conductors, done in twenlr^- 
one minutes.* 

Encouraged by these results, conductor pins have been, 
during the last twelve jeara, introduced into many marine 
and land boilers with unquestionable success. After many 
yeara of observation as to their darability, the eoncluaiou is, 
that a projection into the flues of three incbea is the most 
advisable. If longer, they vill bum away to about that 
length. 

Supposing the eonductor to be made of half-inch rodsj 
and inserted at intervals of three inches, the strength of the 
plate has been tested, and found to be rather improved, tbe 
conductor pins apparently acting the part of floor bridging, 
and ginng increased stifihesa. 

Supposing tbe area of tbe flue to be two feet sqoaie, then 
the introduction of the pin conductors may be as shown in 
the annexed Pig. ISS.f 

* Dr. Ure, impiesBed with the Mine view, made aome experimenta wHIl 
comgaUd plates. The effect, lie olserTea (see his Dletionary of Arta), 
was Temarkable : tbe water evaporated when the cunent of heated 
prodncta paeeed across the corrugations, and, aa it were, striking against 
them ; being so much greater than when it ran in the same direction. On 
the same principle, tbe heat transmitted was increased when the carrent of 
the products was intercepted b; the conductors. 

+ The principle of tteae conductor pins has been adopted in sugar boiler 
pans, and other deeoriptians of eTaporative Teasels ; and would no donbt be 
applloable (o the operations of brewing and diBtming, 
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Fig. 185. 



V J 

As illuatrative of the mode and extent to which the 
Byatem has been practically applied, Fig. 136, Plate 11, 
and "Fig. 187, Bate 11, represents a plan and section of 
the boilers of Soyal WiUiam." These boilers hare 
been in constant use for the last nine years, and with the 
most perfect success as regards economy of fuel, — ^freedom 
from the smobe nnisanee, — eyaporative power, and dura- 
bility J the number of conductor pins are 4369. 

The plan of tho boiler described as Lamb and Summers' 
patent, may here be giveu, inasmuch as one of its peculia- 
rities is connected with the me of the heat conductors, and 
precisely corresponding witli the description given by 
M. Peclet, — the flue being "traversed iy metallic hars," 
and ■which here act tlie double purpose of slai/s (as in 
locomotive boilers) and heat conductors. 

In the boilers of the Peninsular and Oriental Steam 
Company's Ship "JPaiAa" as in Figures 138, Plate 12, and 
189) pago 222, the stays which act the important part of 
doable beat conductors are of ^tb-inch iron : of these there 
are 1920, and as they act efibctually on the water spaces 
on each side, do the duty of 3840 most effectire heat 
conductors. 
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The Patentees state that the superiority of this plan orer 
the common tubular "consistB in the fadlity for deaning; 
that is, fo; the remorol of the scale or deposit whidi takes 
place BO lorgelj in the boilera of sea-going Teasels. The 
rerticfil water spaces of- these boilers a&rd an eaxy meaiu 
of deaning the aides of the fluasj and so enable the -water to 
come in contact with the iron flue. That in tubular boilers 
the horizontal position of the water spaces between the 
tubes renders it an impossibility to clean them ; the conse- 
quence of which ia, that a constant succession of deposit 
takes place. The flues of boilers which have been constantly 
at work since 1850 present no appearance of deterioration." 

The principle of these heat eondnctors is too seLf-evid^t 
to ' avoid adoption hereafter in all descriptionB of T«iUds 
where heat baa to be commanioated, or abstiacted. 



OHAPTEB XVni. 

OK THE OEm:EA.TIOIT AMD CHABACTEBIBTICS OF SMOKE. 

So much has been said and credited on the subject of the 
iurning and combustion and eycii consumption, of 8m<^; 
and it has been so often aalted, What is smoke ? that the 
subject casnot here be diamiaaed without comment. 

Dr. Lardner has observed, that on coal being thrown on 
a furnace, " a smoke will arise, which, passing into the flue 
over the burning coal, will be ignited." With equal cor- 
reotneas migUi he have said, that on coal being thrown into 
a Iteated letorb, a tmoke will arise, which passing into 
tubes, is conveyed to oar apartments, and there ignited, 
gtring out both light i^d beat.' When palpable enpra in 
deSDr^im axa eotamitted bjr scientifltr men, it on he no 
mattw of Buzprise that an snobservant pobHo should become 
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familiariaed with euch absurdities as " fonoke baraing," and 
" smoke-comiiiming furnaceB." 

Before the characterietica of combiutible gases were 
known, it wae natural that all coloured Tapours, rising &om 
heated bodies, should be called smoke. So .soon, however, 
as the properiiiea of the Bereral gases were corredilx ascer- 
tained, through the researches of Davy and Balton, the mis- 
application of the term became unpardonable on the part of 
those who profess to be public instructors on the subject. 

The gas from which smoke proceeds, ia a furnace or 
retort, ia carburetted hydrogen. The constituents of this 
gaa have been already described ; each atom cousiating of 
two atoms of hydrogen and one of carbon. This latter we 
are warranted in assuming to be a solid, contained, and 
concealed from view, by, or within the gaaeoua volume of 
the hydrogen, aince carbon has never yet been produced in 
the form of a gaa, nor hydrogen in that of a aoHd. It ia only 
when their chemical union, in the form of the coal gas, is 
broken up, that the carbon becomes visible and tangible. 
Now this circumstance alone furnishes an unerring test of 
the difibrence between gas and tmoke ; a distinction which, 
we shall see, is capable of physical proof- 
When we see a dark yeUow vapour rising irom heated 
coal, aa at the mouth of a retort, or from a furnace, or 
domestic fire, after fresh coal has been thrown on, this 
colour ia not occasioned by the presence of carbon, but is 
caused by the sulphur, tar, or earthy impurities which 
might happen to be in the coal. All these are subsequently 
separated from the carburetted hydrogen in the purifying 
process — the gaa remaining transparent — so minute are the 
several atoms of the carbon, and so diffused are they when 
in connection with the hydrogen. That the solid carbon is 
there, notwithstanding tSiis transparency, is proved by its 
subsequent liberation ; as when a polished body ia thrust 
into the flarao of a candle or gaa jet, and brought out with a 
deposit of the carbon on it. Carbon, in &et, when in 
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cliemical imion with gaseous matter, is always invisible and 
intangible. The following experiment will sufficiently illua- 
trate these facts, ezhibituig both the gas and the amake in 
their separate states of existence, and with their separate 
charactensticB. 
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rig. liO, ]mge 225, represents a tin reesel a, capable of 
holding a quart measure ; in it was placed some small coal, 
resin, and tar, to produce a quiek and large development of 
gaa. The lid beiug removed, an iron, fi, made red-hot, wag 
introduced, and the vessel again close covered. A qm&U 
tube is then inserted at c, to be blown into, aa into a blow- 
pipe, to expel the gas in a stream. 

By blowing through this tube, a copious volume of the 
gaa will issne irom the nozzle d. That the carbon in this 
gas is inaccessible, is proved by presenting a sheet of paper 
to the stream, and, although it may be slightly stained, if 
there be much tar present, no carbon, howeTer, wiU be 
deposited. 

On this stream of gaa (many inches long) being lighted, 
a lurid flame will be produced, but which, becoming cooled 
down before it can be sufficiently miied with the air, pro- 
duces a large volume of true smoke. Here, then, is exhi- 
bited the gas, the jlame, and the smoke, at the same 
moment, and iu succession, just aa they are produced in the 
furnace, — the gas being converted into Same, and the Same 
into smoke. 

Now let us examine the characteristics of each. The 
carbon in the gas, as already mentioned, is inaccessible, 
being concealed by or within the atoms of hydrogen respec- 
tively, and cannot be separated, or deposited on the paper. 
, On being lighted, the hydrogen combines with the oxygen 
of the air forming steam, which flies off, as already described. 
The result is, the Iteration' qf the atom <(f carbon, ^ther to 
he converted into carbonic acid (if the heat can be con- 
tinued), or deposited in the form of the fine lamp-blacJc 
powder, as we see it collected on the wick of the tallow 
candle. This may be tested by presenting the white paper 
to it, when a large quantity of this black carbon will be 
deposited on it. We here see the double error of mis- 
taking tmoke for gat, and then assuming that the former 
can be burned. 
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It may be well here to notice an error with which we are 
generally impressed, namely, that the cloudy volume of 
smoke, as we see it issuing from a chimney, and filling 
a large space in the atmosphere, is formed of carbonaceouB 
matter. - 

With equal propriety might we say, if we put a few 
drops of ink into a glass of clear water, ai^d tiiua give it 
a blackened cdoitr, tliat-the whole would beoomd' a mass of 
ink. Tim blaet' cload is inei^ &i& great mass of eteam, or 
iratery Tf^nr, £bmed in tfap- fliinacQ, as already described, 
huteolmtredliy'ihi eotioni and when we consider, that no 
leas than half a ton w«ght of water (in the expanded form 
of steam) is produced from every ton weight of bituminous 
6oal consumed, we can easily account for the enormous 
volume and mass of tliia blackened vapour called smoke, ad 
it appears to our vision, aud the palpable error of supposing 
that this cloud of incombustible matter was capable of being 
consumed, or converted to the purposes of heat. 

"ViTerB it nc^ for this mass of steam the carbon would soon 
feu*,' SH a olond of black dust ; bat, being intimately and 
atomwally mixed with the large volume of steam from the 
finmace, it is carried along by the atmosphere,' only diffeiing 
in eoloiir, like the cloud of steam we'see issuing iromtiie 
diinmey of aloeomotLTe when inaotion. ^ > • ■ 



Ojr IHE OOSCBVSTIOK fSt COAL AKD TSB fBETEirilON 

OF SUOKE. 

A a<nrsu>BBAirioir of the nature of the products into 
which the combustible constituents of coal are converted in 
passing through the furnace and flues of a boiler, will 
enable us to correct many of the practical errors of the day, 
and ascertun the amoimt of useful effect produced, and 
waste inenxred.' 'These. prodooibB are: - ; - 
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lat. Steam — higlilj rarified, invisible, and incombuatdble. 
2oci. Carbonic acid — invisible and incombuBtible. 
3rd. Carbonic oxide — invisible, but combu3tiblo. 
4th, Smoke — visible, partly combustible, and partly in- 
combustible. 

Of these, the two first are the products of perfect com- 
bustion, the latter two of imperfect combustion, 

The first — steam — ia formed from that portion of the 
hydrogen (one of the constituents of coal gas), which has 
combined chemically vrith its equivalent of oxygen &om the 
ait — ^in the proportion of ons Tolume of bydnigeu to half a 
Tolnme of ozygea; or, in weight, aa 1 is to 8. 

The aecond-^carbonic acid — is formed from that portion 
of the coostdtnent, carbon, which has chemically combined 
with its equivalent of oxygen, in the proportion of 16 of 
oxygen to 6 of carbon, in weight ; or, in bulk, of one volume 
of the latter to two of the former. 

The third — carbonic oxide— is formed from that portion 
of the carbonic acid which, being first formed in the furnace, 
takes up an additional portion of carbon in its passage 
through the ignited fuel on the bars, and ia then converted 
from the acid into the oande of carbon ; thus changing its 
nature from an incombustible to a combustible. This addi- 
tional weight of carbon so taken up, being exactly eqpsX to 
the carbon forming the carbonic acid, necessarily requires 
for its combustion the same quanti^ of <sygen as went to 
the formation of the acid. 

The fourth — smo^e — is formed fivm suoh portions of the 
hydrogen and carbon of the coal'gas as bare not been 
supplied or combined with oijgea, and, consequently, 
hare not been converted dtber into ateam or oarbcmic 
acid. 

The hydrogen sopaaaingaway is transparent and invisible ; 
not'SO, however, the carbon, \yliicli, on being so separated 
from the hydrogen, loses its gaseous character, and returns 
to its natnxal and elementary state of a black, pulrerulent^ 



Digilized Dy Google 



AND THE PEEVENTION OF SMOKE. 



229 



and finely-divided body. As such, it becomes visible, and 
tliia it is which givea the dark colour to smoke. 

Not Bufficiently att(inding to these detailsj we are apt to 
give too much importance to the presence of the carbon, 
and have hence fallen into the error of estimating the loss 
sustained by the blackness of the colour which the smoke 
assumes, without taking any note of the invisible combus- 
tibles, hydrogen and carbonic oxide, which accompany it. 
The blackest smoke is, therefore, by no means a source of 
the greateet loss; indeed, it may be the reverse; the quan- 
tity of invirible comlmstible matter it contains being a mwe 
correofc meraure of the loss sustained than could be indicated 
hj mere colour. 

This will be still more consistent with truth, should any 
of the gas (carburetted hydrogen) escape uudecomposed or 
uuconsumed, as too often is the case. 

In the ordinary acceptation of the term "smoke," we 
understand all the products, combustible and incombustible, 
which paaa off by the flue and chimney. When, however, 
we are considering the subject scientifically, and with a 
view- to a practical remedy against the nuisance or waste 
it occasions, we must distinguish between the gas as it is 
generated, and that which is the result of its imperfect 
combustion. In fact, without precise terms and reasoning, 
■we disqualify ourselves from obtaining correct views either 
of the eyil or the remedy. 

Now, let us look at this gas, which we are desirous of 
. converting to the purposes of heat, under the Beveral aspects 
in which it may be presented under the varying degrees of 
temperature, or supplies of air. 

In the first instance, suppose the equivalent of air to bo 
supplied in the proper manner to the gas, namely, by jets, 
for in this respect tho operation is the same as if we were 
supplying gas to the air, as in the Argand gas-lamp. In 
such case one half of the oxygen absorbed goes to form 
steam, by its union with the hydrogen; vhile the other 
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balf forma carbonic acid, by ifca union with the carbon. 
Botb conatituenta being thus supplied with their equivaleBt 



Fig. 111. 
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volumes of the supporter, the process woifld here be com- 
plete — perfect combustion would ensue, and no smoke be 
formed ; the quantity of air employed being ten tfmes the 
volmne of the gas consumed. Sec Fig. 141, page 230. 

Again, suppose that but one half, or any other quantity, 
less than the saturating equivalent of air were supplied, 
In such case, the lijdrogen, whose afiinity for oxygen is so 
BupOTor to that of carbon, would seize on the greater part 
of this limited supply : while the carbon, losing its con- 
nection with the hydrogen, and not being supplied with 
oxygen, would assume its original black, solid, pulverulent 
state, and become true moke. The quajitity of sipoke 
then would be in proportion to the ^e&ciency of air 
supplied. 

But smoke maj be oauB.ed by an excess aa well ^ a (%E< 
eimej/ in the Eupplj of air. Tbis will be tmdeirstoqd when 
we coii9ider that there are two conditions re^uisitp to effect 
tfaia chemical union ^th oxygen, namoly, a certain degree 
of temperature in the gas, sa well as a certain quanti^ of 
air; for, unless the due temperature be niuiutaiued, the 
combustible will not be in a state for chemical action. 

Now, let us see how the condition, as to ; temperature, 
may be aflected by the quantity of air being in excess. 
If the gas be iujudiciouBly supplied with air, that is, by 
larger quantities or larger jets than their respective equi- 
valent number of atoms can immediately co^niine with, as 
they come into contact, a cooling effect is necessarily pro- 
duced instead of a get^atUt» of heat. The le^idt ^ pirn 
woul4 that, althpi^h the goant^ty.pf air might be 
coprept, t)ip Bj^ond jBondition^ the reqi^;De.d temp^ature, 
would be B^orificed impaired, tbe union with the oxygen 
of the air would not tajte place, and smoke would be 
formed. 

Thus we perceive that the mode in which the air is intro- 
duced exercises au important influence, on the amoipit of 
union and oo^wtion effiested, th^ ^ipjft; jof li^ dere* 
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loped, or of smoke produced ; and, iu esamlniog the mode 
of administering the air, we shall discover the true cause of 
perfect or imperfect eomhuation, in the furnace, as wc sec 
in the lamp. Tliia' circumstance, then, aa regards the 
manner in which air is introduced to the gaa (like the in- 
troduction of gaa to the air), demands especial notice, as 
the most important, akbough the most neglected, feature 
in the furnace, and in which pracfdcal engineers are least 
instructed by those who have undertaken the task of 
teaching them. 

"W^e see, then, how palpably erroneous ia the idea, that 
smoke, once formed, can be consumed in the furnace in 
which it is generated, and how irreconcileable is such a result 
with the operations of natnre. The formation of smoke, in 
faot, arises out of the fidlore of some of the processes pre- 
paratory to combustion, or the absence of some one of the 
conditions which are essentaal to that consummation from 
which light and heat are obtained. To expect, then, that 
smoke, wliich is tlie verj result of a deficient supply of heat, 
or air, or both, can consumed in tho furnace in which 
such deficient supply has occurred, is a manifest absurdity, 
seeing that, if such heat and air had been supplied, this 
smoke would not have existed. 

Whence, then, it may be asked, does the Tisible black of 
the cloud proceed? Solely &om the unconsnmed portion 
of black carbon, insignificant though it may be in weight or 
volume. 

This earlm of the gas, being the sole blaok-oolouring 
element of smoke, it is here necessary to examine the 
several phases and oonditioos of its existence and progteas, 
lefore, dmmg, and ^ier, it has been in the state of flame, 
riame is not the combustion of the gas. Flame itself has 
to undergo a further process of combustion, being bat a 
mass of carbon atoms, still imconsmied, though at the tem- 
perature of incandescence and high luminosity. Flame is 
then but one of the stages of the process of combustion. 
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Its eziatence marks tlie moment, as regards eaoli atom, of 
its separation from, and the combustion of its accompanyiiig 
hyirogen, by whiob ao intense a heat is produced as, in- 
Btantaneouslj, to r^se the solid carbon atom, then in 
contact, to that high temperature : thus preparing it the 
more rapidly to combine with oxygen so soon as it sJiall 
have ohtained contact mtJi the air, but not a moment 
sooner. 

Instead, however, of administering the air while the 
carbon is at this high temperature of 3,000° (as we see in 
our gas-humera), our custom is first to allow it, or even 
Jbroe it to cool down, by its contact with metallic tubes, to 
the state of soot ; and then to expect, by some mechanical 
apparatus, to restore it to the necessary temperature from 
which it had been so gratuitously reduced. 

Bat, it may be aaked, why i^low it to bee its already 
acquired high temperature P Why <^8te a necessity for 
the flake of orercoming it? It seems ajx act of mere 
stupidity to waste the high temperature the carbon had 
tbua naturally acquired, by allowing the opportuaity to 
pass before we administer the only thing needful — namely, 
the air. 

"We have seen how the carbon of the gas, in the absence 
of air and its oxygen, returns to its normal state of black 
solid atoms in the form of soot. It will here, then, be 
useful to illustrate the well-defined stages through which 
this carbon passes from its inrisible state, as a constituent 
of the gas, to its visile state in smoke. In the following 
diagrams, representing its four stages, the carbon is placed 
in the centre of each figure. 



Firat Stage — Invisible and iidangihle, the carbon being then in (X\ 
chemical anion, and HUironnded by the two atoms of hydrogen, I V J 

foTming carbawtted hydrogen gas. VL--^ 

Saoond St^e — Visible, tangible, and raised bytba heaA ptodDOOd dMh,. 
on the combustion of ita accampiinying hydrogen to the tAmperatnie 
of inoandeBcence, which, by their namber, give the white luminons "^S!^ 
ohwaotec to flame. 
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Third Stage — Invuiile and inlaiigible, after its (MtnlniBtioii — 
having then entered iqIo union with two atoms of oxjgeo, and form- 
ing invisible carbonic acid (the oxygen being here represented an 
Bnrxanndiqg it). 

Fourth Stage— Fiaiiie und tangible, in the state of lamp-black, 
— or Boot, b&Ting escnped combustion by not having had access to the 
* air, before it iras cooled belov the temperature mjuired for 
Ghnnioal action. 

Of tiie coraparatirely insignificant T&luQof this eaibon as 
one of the elements of the doud of Bmoke, the ammed 
diagram irill convey a suf&oiently coraept idea as to the 
relative number, weight] and hiilk of eadi. 





si 


9 


»\ 


14 


112 


9 


13 1 


8 


6 


22 


ii 


1* 


112 









atomij of invisiUo nitro- 
gen from the i of air 
that supplied the oKjgen 
both to the hjingfia 
and carbon of the gas. 



2 atoms of invisible steam 
from tha combustion of 
the hydrogen of the gas. 

I atom of viable carbon 
tmoonsnmed, and be- 
Doming the colouring 
matter of smoke. 



2 atamfi of invlmble oar- 
bonio acid from the car- 
Iran of solid coke on the 
bata of a fumaoe. 



atoms of invi^ble nitro- 
gen from tbe d of Mr 
that supplied the oxygpn 
fir tha cpqilnutapii. of 
the coke of tlif coal'. 
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Thus we see that out of the 21 atoms which are tho coq- 
atitaents of any given weight of smoke, the only combostihle 
one, — fbe corbcm, weighs bub 6, — &a inauiAustBiIe tmi 
wmtiMa portioit weighing 286, As to rolume, we ae^ as 
above, the compoiatiTel^ ina^jficant qiaoe it ooiaipiea, 
sltihoiigb it posaeBses the power of giring -the black tint to 
the cloudy mass. These volumes are here supposed to be 
at atmoapherie tcmperaturo. When, however, wo consider 
that, with the exceptiou of the carhon, which alone (being a 
solid) retains its original diminutive bulk, while all the 
others, being gaseous, will be enlarged to double, poaaibly to 
treble their previous bulk, in proportion to their increased 
temperature, — we are ama/.ed, not only at tho comparative 
insignificance of tlic carbon, but at our own orednHtj'' in 
believing that this merely blackened cloud could be made 
available as afitel, saA-a source of heat. 

Qenerall; BpeakJng, tiiis 1>Ia<& dood is supposed to be 
aggregate or tiuaa of carbon, in the fonn'of ^ B00I7 powder. 
Thia ia, manifestly, an error, since that "would assrune that 
the i^iree other products — nitrogen^' casboDia ttsoA, and 
steam — in their great volumes, had been neutralised, or 
otherwise diapoaed of. As, however, that is impossible, 
smoke must be taken as it is, — namely, a compound cloud of 
all these three gaseous bodies, together with the portion, 
more or leas, of tlie solid, uncombined, visible free carbon, 
then in the fourth stage. Here, then, is a definition of 
smoke, which ia susceptible of the most rigoroua proof. 

"We see tho black cloud from a chimney . extending for 
miles along the horizon, and hence conclude that the quan- 
tity of carbon must be considerable to produce Buch an 
effect. Nothing but strict chemical inquiry ooald hove 
enabled us to correct this error. By it mfe ascertain that 
this black cloud is Unfed, Uieralh/ hut tinted, by the atoms 
of carbon, and, which, though iBsuing in countlesB myriads, 
are comparatively insignificant in weight or toIiuujB, qr in 
ccunmeroiai value as a combustible. In truth, the eye is 



Digilized by Coogfe 



236 



THE COMBUSTION OF COAL 



deceived as to the maas by the extraordiaary colouring 
effect produced hj the minuteness^ but great number, of ita 
atoma of carbon. 

And now as to the relatiTe gtumliHea of the several con- 
stituents of Bmoke : 1st, of the invisible nitrogen. Aa 
atmospheric air contains but 20 per cent, of oxygen, the 
remaining 80 per cent, being the nitrogen, passes away, 
invisible and uncombmed. If, then, a ton of coal requires, 
absolutely, for its eombuetion the oxygen of 300,000 cubic 
feet of air, the 80 per cent., or 2ttO,000 cubic feet of invisible 
and incombustible nitrogen, forms the first ingredient of 
this black cloud. 2nd, of the invisible carbonic acid. This 
portion of the cloud may be estimated as equal in volume to 
the 20 per cent, of oxj'gen which bad effected the combus- 
tion of the carbon both of the gas and the coke of the coal. 
8rd, of the invisible steam formed by the combustion of the 
hydrogen of the gas. In this will be found the great source 
of the prevailing mifiapprebenaion ; yet no facts in chemistry 
ate more accurately defined than those which belong to the 
formation, weight, and volome of the consHtnents of steam. 

The following extract from a paper read before the Insti- 
tution of Civil Engineers, being from j)he report, already 
mentioned, by Professor Faraday to the Athennum Club, is 
much to the point of this inquiry — ^ptoidcuhirly as regtmls 
the great volume of water resulting from (he combustion of 
the coal gas : — 

"All snbstancea ued for the porpoees of UlnmlnKtion may lie Tepie- 
Gented by (hI and coitl gaa. BoUi contain carbon and bydrogen, and it is 
by the oomlnistian of these elomente vith the oxygen of the ur that light 
ia eTolved. The carlm produces carbonic aeid, which ia deleterious in its 
nature and oppreHsive in ite action in closed apartments. The hydrogen 
prodaces viater. A pound of oil contMos about 0-12 of a pound of 
hydrogen, O'78of carbon, and O'lcf oxygen. When burnt, it prodaces 1'06 
of water, and 2*86 of carbonio acid ; and the oxygen it takes from the 
atmosphere U eqnal to that contained in 13'27 cubic feet of air. A ponnd 
of London gas contains on an average 0 -3 of hyrlrogen, and 0-7 of carbon. 
It products, vhen bnmt, 2*07 of water, 2-5S of carbonio add gas, ooa- 
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Bumes 4-26 catic feet of oxjgen eqnal to the quantity contained in 19-8 
cubical feet of air. A piat of oil, when bnmt, produces a pint nnd a 
quarter of water; and a pound of gas, more ihan two and a Imlf -pounds 
o/waf«r— tbe increase of weieiit beiog doe to the absorption of oxygen from 
the atmoaphere — one part of hydrogen taking eight parts, by B-eight, of 
o^en to form water. A London Argamd gtu lamp in a closed shop 
window will produce «i. Jmr howi, loo pinU and a haJfuf ■mttr, to 
oondense, or noli iipon the glaaa m the goods, Beoordbg to cirotmirtanoes." 

To say, then, that ahove 900 lbs. weiglit of water (nearly 
half the weight of the ton of coal conBumed) passes from 
the fomace, and by the chimney, in the form of aieam, 
though produced by the 5i per cent, of hydrogen alone, 
which the coal contained, may appear exaggeration : uever- 
theleas, the fact h unquestionable, the details of which it ia 
here unnecessary to repeat. Kow, when we consider the 
enormous mass of steam that wonld be produced by the 
vapour of this nearly half a ton weight of water (indepen- 
dently of the nitrogen and carbonic acid), we can readily 
account for the magnitude of the cloudy yaporoua column of 
the smohe. 

The next coneideration is, aa to the mhu (if ihe carbon 
which produeea the darkened colour of the smoke clond. 
Now, the weight of this carbon, in a cubic foot of Hack 
smoke, is not equal to that of a sii^^e grain. Of the extra- 
ordinary light-absorbing property and colouring effect pro- 
duced by the inappreciable myriads of atoms of this finely- 
divided carbon, forming part of the cloud of the steam 
alone, some idea may be formed by art\ficially mixing some 
of it when in the deposited state of soot with water. !Por 
this purpose, collect it on a metallic plate held over a candle 
or gas-jet, and touching the flame. Let a single grain weight 
of this Boot be gradually and intimately mixed on a pallet, 
OS a painterwould, with a pallet-knife : first, with a few drops 
of gum-water, enlarging the quantity until it amounts to a 
spoonful. On this mixture being poured into a glass globe 
containing a gallon of water, the whole maas, on being 
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stirred, will become opaque, and of the colour of ink. Here 
we have physical demonstration of the extraordinary 
colonring effect of the minutely divided carhm— a tingle 
ffram vreight being Buffidenii to g^ve the dark cdlour to a 
gallon of vatfflr. Whaterer then may be the quantity or 
ntimber of its atoms, ve see from the ^oud of incombustible 
matter with 'wbioh this cftrbon is so intimately associated, 
at moke, that even attempting its separation and collection, 
independently of its combustion, borders on absurdity. 

It has already been mentioned that carbonaceous smoke 
May always be distinguished from gas by the test of 
applying to it a sheet of paper. Whatever may be the 
colour of tho vapour as it rises from the coal in the retort 
or on an opeu fire, tcMle there is Hill no flame, the paper 
will not be soiled by_carbon, simply because it is inaccessible 
being then in the flrst stage, as above shown, and in eom- 
biniation with the gaseous hydrogen. AVheroas, in smoke, 
and after flame has been produced, the cirbon, being then 
Bb^lf^ted atid cooled down from its state of flame, is 
encountered (as in the fourth atage) in the form' of black 
atcftad, Emd Vr^ be deposited on the paper. 

It may hero be noted that the iaeift motion dP tte stiioky 
cloud as it ascends in the aiif, has all the piKilliarities of 
a body of discharged "steam vith its rollinj|r, ascending, and 
diffusive character. Its long cbntinuance in the suspended 
state in the atmosphere, is the reverse of What would be the 
ease were it a mere mass of solid atoms of carbon. In calm 
weather we even see this black cloud ascending vertically, 
and to a great height — a circumstance that is wholly incom- 
patible with its greater specific gravity, were its atoms 
uniittached to some vaporous or more buoyant body. 

In truth, we cannot dissociate the ideas of the formation 
of the two atoms of steam (with their inferior specific 
giarit^), &om the simultaneous separation of the carbon 
with its eohtpaiativelj high specific gravity, — this carbon 
being, in volume, t& d^roportionate to that of the steam. 
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as tbe car ia to a balloon to which it is attached. As 
regards this disproportion in hulk, we know that the 
volume of each atom of steam is 1,800 times greater than 
that of tbe atom of water from which it was formed. Hete, 
alone, then, would be a ratio of 8,600 to one. When, also, 
we consider the tempeiatnte, taxi high pressure, and oonse- 
qaent bnoirmons expaiuion of this steam, at the moment of 
its fcomation; and passing from the chimne; (the atom of 
earbon, or solid, alone retaiuiag its original diminutiTe 
balk), we are enabled correctly to appreciate the relative 
volumes of the minute combustible carbon, and the incoin- 
iuatible steam. Were it possible to examine microscopically 
this smoke, it would be seen that each atom of the carbon 
was mechanically attracted by, and adlioring to, two or more 
spherical atoms of steam, possibly mLiltiplying by reflection 
its appearance and eSect as from bo many mirrors. We see 
that by virtue of this adhesion to the atoms of steam, it 
obtains its ascending power and buoyimcy, a&the em doles 
from the balloon. 

Keverthfil^, in contempt chemical tnitii, and even 
common obsfflrratton, we persevere in speaking of the com- 
butHon of the doud of smoke. It surely would be as easy, 
more rational, and more correct, to speak of its prevention. 
Had even these tenns been properly understood, the 
absurdity of the late Metropolitan Act, for the " com- 
bustion of tbe smoke of furnaces," would have been too 
obvious to have had the sanction of Parliament. 

In looking at the result of imperfect combustion of the 
carbon of the gas, and its converaiou into tbe black element 
of BOot, it may here be oberved that the mere waste of so 
much fuel is insignificant in mischievous agency in com- 
parison to the effect of its deposit in the form of the most 
powerful non-conductor of heat in the tubes and flues of 
the boiler, — thus effectively neutralising their value as 
heating surfaces. ' Those, therefore, who insist on asserting 
that smoke ia a combustible, and may be burned, should be 
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prepared to show how thia cloud of watery vapour and 
gaseous matter can he separated from its minute comple- 
ment of carbon : — for, until that separation is effected, it is 
EB absurd to speak of the comhuetion of the cloud of smoke, 
B8 it would be of converting the air in the eloud qf dust, 
which blows along oui atreeta, to a profitable manure, for 
the mere sake the particles of solid matter -which it holds 
in snspenaion. ' 

Looking, then, at this doTid^ mass with refSerence to 
combustibility, we see that since the separation of the 
carbon from ita accompanying clond is practically im- 
possible, its combustion is equally so. 

Finaliy, we see that the cause of the formation of smoke 
is, the absence of the proper supply of air to the combustion 
oftlie gas (the only combustible that it contains), tJie time 
when from its MgTi temperature of incandescence it was best 
fitted to receive it. So long, then, as due consideration to 
the providing for the admission of this supply of air to the 
furnace at the proper time and in the proper quantity, be 
bat little attended to ; and that our praotdcal eoigineerB 
regard the question as of secondary importance, or almost 
■with neglect, we cannot expect any refimnation of the 
Bjntem of furnace details. 
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BXTSACIS TEOU THE SBCOHI) REPORT TO THE STEAM COAL 
COIiLISBIB^ ASSOOIATION, NEWOASII^E-UFON-TYHE. 

Gbhtlxiibit,— 

In Gubmittiag to you our furtber Seport upon the question 
whict you have referred to our decision, we have to observe, that it 
would tiave been easy for ua to have selected and aubmitted to trial 
certain of the competitors' plane, and to have reported to you on their 
comparative merits at a much earlier period. But auch a coui-se 
iroold neitlier have done jnatice to yon nor to the important question 
irbieh we had to decide, inasmuch as one of the principal conditions 
estBbliehed for the competition tniti, that the plans submitted ahould 
not diminiBh the evaporstive power of the boiler. 

It was, therefore, our first ol^ject to ascertain this enporativa power 
as a atandard of referencB. 

The boiler built for these experiments presented no peculiar features. 
The annexed drawing will ahow that it was the ordinary type of a 
mariae multitubular boiler, such as is generally considered to present 
the greatest difficulty aa regards the pre^tion of smoke. 

It contaioed two furnaces, each three &et wide, and 185 tubes 
feet long and three inches internal diameter, nud bad an aggr^te 
heating surface of 749 square feeL 

The beater, which was subsequently added, as mentioned in &b 
ninth parsgraph of our former Seport, was nied for the purpose of 
heating the feed water. It in no way altered the condition of the 
boiler, except by reducing the temperature of the escaping gases, and 
thereby, to aome extent, diminishing the draught and rendering the 
« prevention of smotce somewhat more difficult, whilst, at the same time, 
it slightly increased the evaporative effect by its additional absorbing 
surface. 

This inoreaso was, however, much leaa than might have been 
expected from the large absorbing surface of the heater, which con- 
tained 320 square feet ; yet it was found that, when the products of 
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combnEriion 'before entering ttie heater vere at 600° tbe passage 
tbrougli it Aid not rsduce the temperature mora than aboat 40° to SO". 

The whole of the eiperimente with the competitors' plouB were 
made with the boiler after the heater was added, as also were those 
made previously for eatablieliing the standard of reference. 

Wo liiLve established as the standard the mciins of a aerieB of experi- 
ments during which, the firing was conducted according to tbe ordinary 
Byatem, every care, however, being taken to get the nmximnm of work 
out of the boiler by keeping the fire-grates clean and hj frequent 
stoking. No air was admitted except through the fire-gratee, and as » 
conseqaenoe much, and often a very dense amoke was evolvad. 

Ah the economic effect of the fuel inoreaaoa when the ratio of the 
fire-grate Burface to tliu abaurbing suifaoe is tliminisiieil, we have 
adopted two sizes of fire-grates, aud conaequeuljiy two standards of 
reference. With the larger fire-grate the amount of work done by the 
boiler per hour is greatest, but this is done al n relative loss of 
ecoDomio value of the fuel as compared with the smaller grate. 

^e one gives us the standard of maxtmum eraporative power of 
boiler, — the other the standard of nmnifimm economic efibot of ilia 
fneL 

The £re Hurfocea used for fixing those standards Were 26} and 10^ 

square feet reapectively. 

Each competitor was allowed to vary his fire-grate to meet tiiese 
two stoudarda, and in the tabulated forms hereinafter given, the 
results obtained ore compared with the standards as well as with the 
mnTimiim resultfi wMch WO havo arrived at in our own experiments. 
With these prefer; remarks we now proceed with our Report 
The total number of plans submitted to us was 103, which, upon 
examination, we found might be arranged in the following classes 

lat Class. — Requiring no special apparatus, and depending upon 

the admission of cold air into the furnace or at the bridge. 
2nd Class. — Requiring no special apparatus, and depending upon 
admission of hot air into the furnace or at the bridge. 
. 8rd Class.— Requiring special adaptations of the furnnce of mora 
or less complexity, but jet applicable to the ordinary typo of 
marine boiler. The moat of ttiis class admitting air above the 
fire-grate surface. ^ 
4th Class. — Requiring self-acting or mechanical apparatus for 
supplying the fuel. 

Class. — The smoke burning Byatems, the principle of which ia 
to pass the products of combustion through or over a mass of 
incandescent fuel. This class might be subdivided into two, in 
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one of wbicli the gases paaa downward through a pai t of the 
fire-giHte into a close ash-pit, and thonce to tho flame chamber 
or tubes, and io the other the gases, kc, from one furnace are 
passed into the ash-pit and upwards through the fire-gato of 
another furnace, and in whidi urangement the process is alter- 
nated a qystem of doors or dampen. 

6th Olasa. — Ftopodng the admiseion of steam mixed with the air 
into tlis fnmaoe as a means both of preventing amoke and In- 
oreaidng the evaporative effect of the fuel. 

IQx Class. — Such projects aa are either impracticable or not appli- 
cable to the ordinary type of marine boilers, and consequently 
not in accord ance with, tiie established conditions. 
The following table shows the number of plans sa&t in, arranged la 
the above dastea >- 



Class 1 9 

„ 2 16 

„ 8 15 

„ 4 6 

„ 6 12 

,.6 1 

„ 7 44 



103 

After foil oonsideration we selected the following pkus for trial at 
your equnse : — 

Prom Class I. — Messrs. Hobson and Hopkinaoo, Hnddersfleld. 

Mr. 0. W. ■Williams, Liverpool, 

Mr. B. Stoney, Dublin. 
From Claas 3.— Mr. Bobson, of South Shields. 

We did not feel oursolvoa juatified ia trying any of the other plana 
at your espouse, but in acquainting the remaining competitors with 
our decision, we stated that we were reiiJy to submit their plans also 
for trial if they desired it, in conformity with the fifth paragraph of tha 
original advertissmuit. None of these partae^ however^ availed them- 
selves of the opportonlfy tlius given of testing tbalr plans at their own 
expense. 

Thestandardofreferenceallnded toin thel4tb and I£th paragr^hs 
of the preynt Beport ate aa fiillowB : — 
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FiroG 
Sqoar 


nte £8i 
Foot. 


Flro Grata Ifli 
Square Feot. 






B. 


A. 


B. 


EcDDijinic value, or Iba, of water evHpo- 
raWd from -212° by 1 lb. of wial 


9-11 


11-15 


10-06 


12-58 


Bate of combustion, or lbs. of coal 
burned per hour per square foot of 


21-16 


19-00 


21-00 


17-25 


SaU of erapontion per square foot of 
fire-grate pec honr in cnbic feet of 




2-83 


2-909 


2-995 


Total eraporation pei Iionr ia cable feet 


74-80 


79-12 


56-01 


57-78 





Th« colamiiB A CDntaiu the standards of reference sUtided to, 
88 above, vfailet the columiis B give tbe mean of the iat reaults 

obtaiued by our own experiments wAm maiing no emobe. 

The first plan aubmitted for trial woa that of Mr. Bobaon, of 
Shields, wliich we selected as a type of aeTeral of the plaae comprised 
in CliLSB 3, and as in our opinion the moat likely of ita kind to prove 
s\!coe3Bful, The principle of thia plan ia to divide the furnace into 
two fire-gratii3, the oae at the bock being shorter than the other, and 
placed at a lover level. Thia baok grate is furnieliad nith a regular 
door-foune and door, for the purpoae of enabling the stoker to dean 
the bus and remove the oliuker when required. This door is alio 
provided with an aperture fitted with a throttle valve, and in the 
iusido a distributing box perforated with half-inch holes, after the 
manner practiced by Mr. Wye Williama. The front grate is like the 
ordinary fire-grate, bvit witbont nny bridge. The mode of proceeding 
ia to throw all the freeh coal upon the front grate, and to keep the 
back or lower grate supplied with cinders, or partially coked cool, 
which ia pushed on to it from time to time from the upper or front 
grate. No air is admitted at the door of the upper grate, but the 
gnaes aiiung from it meet with the current of fresh lur admitted 
through the door of the lower grate, and in passing over bi^ht 
fire upon it are to a greater or leaa degree ooDsumed. 

With respect to absence of smoke, we have to report that this plaa 
ia only partially attccesaful. It diminiahes the amount of amoke con- 
siderably, but it requires careful and minute atteution from the 
■tokar, otherwiHB a good deal of smoke at times appears, and par- 
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licularly when freah fael is pushed forward from tha npper to the 
lower grate, 

Mr. Bobeon'B fire-gnte ani&cw wu 82^ sqnaie feet 
As mgards. economio valae of foal uid woi^ don^ the fiJlovuig waa 
the result: — 

Economio Tslue of fuel .... 10 70 lbs. 

Bate of combuation ... , , J5-50 

Ratoof evaporation persquare foot per hour cubic feet. 

Total evaporation from 60° ditto . , TO'50 „ 



Comparing these results with the stasdard, we get 



















Por Cent. 


Par Cent 




32-50 




14'03 


Eoonomie ralne of fliel 


10-70 


9-41 


I37 






15-52 


2115 




287 




2-14 


2-62 




18-4 




70-60 


74-80 




6-8 



From this it appears that though there was an IneroaBe of economio 
value of fuel to the extent of 187 por cent,, there was a loss of work 
done by the boiler to the eitent of 5 8 per cent, and this, although 
the fire-grate wag greater by four square feet, or 14 per oeat. 

This result may be traced to the nature of the apparatus. Owing to 
the large admission of air at the fire-door of the lower or back grate 
requisite to prevent smoke, tiie fuel on the fnmt grate bums sluggishly, 
and hmoe the fidling oS ia the rate of combusUoa and the work done. 

The heat in the bode gntte was very intenas^ but the generation ot 
heat ixan^ thus thrown nearer to the tubes, the effect of the absorbing 
surface above the front grate was greatly impaired. 

We think also that the very iotense heat in the hack grate would be 
more injurious to the boiler and the tubea than the more equally dia- 
trihuted temperature which results from the ordinary description of 
fire-grate. 

Another objection to thia system is the constiiiit attention required 
from the stoker, to keep the fires in order, and the difficulty in 
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i^moving the clinlteF from tlie back grate^ where it tends to form in 
considerttble quitntitj. 

The next plan submitted to trial was that of Uenn. Hobeon mnd 
Bi^ingan, of HnddenGeld. In this system air is admitted both at 
the doors and at tbe bridge. At the doors by means of vertical slits^ 
which may be opened or shut at will by a elidiog shutter, and at the 
bridge through ajiertuvea in hollow brick pillara placed immediately 
hehiud it. The entrance of the air to these pillars is regulated by 
throttle valwea, worked by a lever iu the ash-pit. There are also 
masses of brick-work placed in tbe flam a -t;h amber, with the intention 
partly of defiecting the currents of ga9''B, ao as to ensure their miztare 
with the air, and partly to equalise the temperature. 

-As regards prevention of smok^ we have to report that thieplanwaa 
very efficienti though in hard firing it required considerable attenUon 
from the stoker. Whilst burning about 16 lbs. of coal per square foot 
of grate per hour, no smoie was visible, even with ordinary firing, but 
when the quantity was increased to 21^ lbs. per square foot per hour, 
tjie fire required to be very carefully attended to, or smoke^ though in 
no great quantity, begau to appear. 

Mewrs. Hobson and Hoiikinaon'a fire grate surface was originally 274 
square feet, but this was Hubsoquoutly reduced to ISJ square feat, 

As regards economic effect and work done, the following were the 





Fire Grate, 
27i 8q. Feot. 


Fire Grata, 
1»J Sn. Faut. 


Rate of coii.l u--:ioti 


iro8 

U-25 


u-io 

21-50 


Bate of evaporat ion per square foot per hour 


Cubic Feet 
2-18 

60-03 


Cubic Feet. 
3-49 

63-63 





Comparing these results with the standards, we get — 
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LARGB FIRB QRATEa. 




Hobson nod 
Hopklnaoii. 


Standard. 


Mora. 




Aieaof Qift^rate ... 
Eoonomio Yolxte 


Feet 
27 '5 

lbs. 
H-08 


lb9. 

9-45 


Par Cent. 

17 ■! 


Per Cent. 
3-7 


Sate of Dombturtioii.. 


14-25 
Cubic Feet. 


21-15 
Cubic Keiit. 




32-7 


Total erapoiatioii ... 


60 -OS 


7i-80 




IS -8 




SHALL m 


RE OBATBS 








Eolwm >Dd 

HopkioaoD. 


Standard. 




^. 


Area of fire-grate ... 
Economic toIue 


Feot, 

18-25 
lbs. 

11-70 


Feet. 
19-25 
lbs. 

10-oa 


Par Gent. 

16-3 


Per Cent, 
5-2 


Bate of combvistioD.. 
Rate of evaporation . 


21 ■,10 
Cubic I'eot. 
3-41( 


21-00 
Cubic Keet. 
2-90J 


2-3 
19-9 




Total eTap. from 60° 


63>62 


66-01 


13-5 


... 



From tbcse tables it appears that with tbe largo fire-gnita there was 
an increase of economic value of fuel, altliougb leBH work was done ; 
whilst with the email gratee there waa a decided increase both of 
ecouomic value and of work. Had the fireB been harder puabed with 
the lai^ grate, we have no reason to doubt tiiat, Hlthougb. the economio 
valuo wotdd have been Bomewhat lees, the work done would hsve been 
up to the standard, 

Tbe only objection to this system la that the bric&woA is liable to 
crack and get out uf repair ; but we do not attach Utldl importance to 
this, as we believe that tbe existence of tbia brickwork Ea of do con- 
sequence, and tli»,t the results obtained are duo simply to the admiation 
of air to the gaaos. 

The system is applicable to ail the usual forms of boilers, the BOm- 
bufitiuu is very good, aud, with modorate firing, it doee not much 
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depend upon the stoker, and we are therefore of opinion that it eom- 
pliee with all the praaoribed eonditicnu. 
The next plaa tried was that of Ur. C. Wye Wllianu, of LiverpooL 
Ur. William^ Byatem, is b well known, oonaista in the adnuiaion of 
tir at the famace door, or at the 1»idge, or at both, numanou Biaall 
aperture^ with the intention rfdlfftiringtt la Btreftms and jeteamoi^rt 
the gaaea. In the plan adopted in the preeent iustaace, Hr. mUiams 
introdnces the lur only at the front of the furnace, hj means of cast 
iron oatdogs, furnished on the outside with apertures provided with 
shutter^ so as to vaij the area at will, and perforated in the inside 
idth a great number of half-inoU holes. The mode of firing which Mr. 
Williams adopts merely consists in applying the fresh fuel alternately 
at opposite ffides of the fiunao^ BO as to leaye one side l)ri(^ vhilst the 
other is blad^ 

The original flr»{[tatft proposed hj lir. Williams was 22 nqnare 
feet^ which waarobsaquently reduced to 18 square feet 

As regards eotmomy of fhel and work done, the following were the 
^eeaIta^— 





Hro Oralo, 
22 aq. Feet. 


IB Sq. FeeL 




10-84 

26 '98 

Cubic Feet. 
4 '04 

8s-gs 


Iba. 
11-30 

27-36 

Cubic Feet. 
4-31 

76-02 




Total erapoiatiMi 



Comparing these results with the RtanfUrdfl, we get — 



LARGE FIJIE (iRATli. 


1 WiUlnma. 


SUniiartl 


More. 






Feat. 


Feet. 


Per Cent. 


Per Ceat 


Area of fire grate ... 


22-0 


28-5 




24 


Ibe, 


Iba. 






Economic value of fuel 


10'84 


9-45 


n-5 




Bate of combustion.. 


26-98 


21-15 


27-4 






Cubic Feet. 


Cubic Feet. 






Bate of evaporation . 


4 '04 


2-62 


5i-2 




Total evaporatiaa ... 


88-96 


74 '80 


19 
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SHALL FIRE GRATE 








WQllama. 


Staiidiird, 












Per Cent. 


Per Cent. 


Area of fire grate ... 




19'25 




6-0 


Iba. 


Iba, 






Economic valne 


, 11-30 


10-06 


12-3 




Itate of combustion . 


27-36 


21-00 


30-3 






Cabio Feet. 


Coble Feet. 






Kate of eroporation. 


4-31 


2'90B 


48-0 




lotal erf^ontion... 


76-93 


66-01 


87-3 





^ese resolts showa large in'creaoe above tlie standard in every respect. 

The prevention of smoke vaa, we may saj, practicalljr perfect, 
t>h«ther tbe fuel burned waa 16 Iba. or 27 lbs. per Bquare foot per hoar. 
Indeed, in one experiment, we burned the eztraordiQar; quantity of 
S7i1bs. of coat par square foot per hour upon « grate of 15i^ square feel, 
gLvtng a rate of evaporation of 6^ onbio feet of water par hour per 
square foot of fire grate, without producing amoke. 

No particular attention, waa required from the stoker, in fact, in this 
reaped ; the system leaves nothing to dedre^ and the aotual labour iti 
even less tlian that of the ordtaary mode of firing. 

Hr. Willianu' aystem ia applicable to all deewiriptiona of mAiina 
boilers, and its extreme simplioi^ is a great point in its &TOur. 

It f\illy complies with all the ptescribed conditiona. 

The next and last plan submitted to trial was that of Mr. B. Stoney, 
of Dublin. 

In principle; bo far as regards tlio prevention of smote by the 
admisaion of aU- tbrougli the doora, nnd at the ft'oat of the furnace, this 
plan is identical with that of Mr. Williams'. Its peculiarity consiata in 
the adoption of a shelf outside the boiler, formiog, in &ct, a oontinnation 
of the dead plat« outwards. Upon this shelf the fresh charge of coals 
is Isid in a large heap, about half of the heap being within the fnmaoe, 
and the reat outside. The door is a gliding frame, which shuts down 
upon the top of this be^p of coaJa, so that air is admitted through the 
body of the conlu an well as through perforations in the front plate of 
the furnace. When the furnace requires fresh fuel, a portion of that 
forming the heap, aad which, to some extent, has parted with its f^ea, 
IB pushed forward and its place made up by freth fuel laid on in front 

This plan did not succeed in preventing smoke, for whenever the 
coal waa pushed forward npim the fire, dense smoke was evolved. 

We regret that Hr. Stoaey was not personally present to see the 
(result, which we tUnk woi^ have enttarely M^sfied him that the 
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metbod ha propoud did nob oomp^ nitti this iogipartant conditioti. 
Under these rarcumBtancei, we did not proceed to detennine tha 
eoonomio value of tbe fuel or work done by this sjatem. 

In the following tables the results iu each cose are compared wiUi iho 
Btondards, and also with those of our own oxpcrimonta when tnnVing 
no Bmoke. The former marked A and the latter B. 



LAllGE FIRE GRiVTES. 




Standard 


periment 


Robaon. 




Williams. 




sq. feet. 


sq. feet. 




sq. feet. 


sq. feet. 


Area of grate, square feet . 


28i 


28 i 


sq.^^eet. 


274 


22 


Eoonomie valne of fael or 












water evaporated from 


IbB. 


Iba. 


lbs. 


lbs. 


lbs. 


212° by lib 


9-41 


11-16 


10-27 


11-08 


10-84 


Rate of combustion per 












square foot of grate per 












hoi.r 


2M5 


19-00 


15-62 


14-35 


26-98 


Bute of evaporatiun per 












square foot of grate per 


c. feet. 


""2*^93* 


0. feet 


c. feet. 










2-14 


2 18 




Total enpomtion in oobio 












feetperhonrfrom 60°... 


74-80 


79-X2 




60*08 


86-96 
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B. 




Hobnon 






A. 

standard 


periment 




aud Hop- 


Williams, 




sq.Jeet. 


aq.^feet. 




aq. ft. 


sq. ft. 










181 


18 


Economic ralne of fuel or 




■| 






water evaporated from 


Iba. 


lbs. 




lbs. 


lbs. 


212° bjl lb. of coal ... 


10-06 


12-fi8 




11-70 


11-30 


Bate of combastion per 












Bqnare foot of grate per 






t 








21-00 


17-25 




21-50 


27-36 


Eato of evaporation per 






1 






square foot of grate per 


0. feet. 


0. feet. 




0. feet. 


e. feet. 




2-900 


2-095 






4-31 


Total evaporation per hour 


56 -01 


C7-78 




63-62 


76-02 



With the above resulte before ua, wo are unanimously of opinion 
that Hr. Williams most be declared the auccesBful competitor, and we 
therefon award to Mm tha pretminm o£ £600 which you o&red by 
your Bdvertiaement id 10th Hay, ISSO. 

It it tEUfl that in eoonomio value of fiial Qia tabulatad raraltB of Mr, 
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WilliunB* trial are aboat 2 per oeni inferior to those of Uesars. Hobson 

and HopkinsoQ, but on the other hand the amoimt of vork dona is 

much greater. 

By Mr. WilliamH plan the quantity of water evaporated with a 22 
feet gmte, was 18 per cent greater than with the 37 feat grate used in 
Hesan. fiobeoa and Hopkiuaoa'a caae, and 20 per mnt mora with an 
18 fbet grate. 

We should also mention that, in an experiment not tabolated, Ur. 
-Williama obttuned an economic value of ll'TO, and a. total evaporatioa 
of 61'£ft cubic feet, with a 22 feet fire-grate, reEults which exceed those 
of HeHTS. Hobson and Hopkinion'a esperiments, with 274 fire-grate, 
and equal in economic value of fuel their reaulta with IS feet fire-grate. 

An important feature in Mr. Williams' system is that it may bo buc- 
cessfully applied under very varied circumetonccH. We htive above 
given reenlta obtained with fire-grates of 22 square feet and 18 aquare 
feet; but in order to test the matter still further, we lednoed the fire- 
grata to 16} squsve feel^ with fiillowing result : — 



Area of fire-grate 15} aq. Uet 

Eoonomio value of fuel 10*66 lb«. 

Bate of combuHtion per square foot of grate 

per hour 37'4 lbs. 

Bate of evaporation per square foot of grate 

per liour 6'51 c. feet. 

Total evaporation per hour , . . . 85-30 „ 



The results which we ourselves attmned exceed, in economic value 
of fuel, all the results of the experiments made with the competitors' 
plans. This wa? chiefly the case with &a small fire-gtxte^ and wu 
due in a great degree, if not altogether, to the smaller amount of fiiel 
burned per square foot of grate per hour. 

The consequence uf this was & more complete absorplion of the heat 
genevateJ, so that tlio products of combuatioii escaped from the 
chimney at a temperature lower by about 200° wlien we obtained our 
beat economic rosulta, tliaii tliey did during the triaia of the com- 
petitors' plijns. It must be rem e rube rod that thi^ iiicreivae in the 
economic value of the fuel is obtained at the expense of the work done, 
but it ia highly satis&ototr to find that (as is shown in colnmns A and 
B of the last tiU>les), Atf grtat inortate in tke wonomic vahte it abo 
aeeompmudwIA a decided inereeuei»imhdau«hmpeifiae^^ 
it attaiiud and smoke prevented. 

Before oonoluding we might offer some farther obeervationB upon the 
results we have obtiuned, aud on various interestiag and important 
quBBtions whicb have presented tiLemselTes during the course of our 
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inqniriea, Irat to do M in a manner at all satisfactoiy ttohM he im- 
possible within the limits of a Report lika tlio present. 

"We muflt, therefore, content ourselves witli pointing out tliree chief 
conclusionB at which we have arrived, and which, we believe, will prove 
of great Bdvantage as well to your intercats aa to those of all coQuected 
with ateam navigation. 

Jtt. — That iy an easy melkod of firing, combined with a due admission 
of air in front of (At furnace, and a proper arrangement of fire-grate, l!ie 
emwtion of moke may be fffeclualhj prevented in ordinary matine muiti- 
tvhviar boilert vskiht using the steam eoaU of the " Hartley Diitrict " of 
Norlhum herlavd, 

2nd. — That the prevention cf gmoie increasea the economic value of the 
fuel and ihe eraporutive poicer of the boiler. 

Srd.—That the coals from Ihe Earthy Bhtrict hare an cvaparalive 
power fully equal to the beil Welsh sieam coals, and that practically, at 
rtgardt steam nav^o^ion, they are decidedly tuferior. 

This last conclusion b contmy to the general oj^on, which, based 
upon the Repoiis presented to Qovemment hj Sir U. da la Beohe and 
Dr. Lyon Piayfair, is strongly in favour of Welsh ooaL 

The effect of those Beporta haa been to do the Northnmherland 
coal-field an immense injury, and we feel this so strongly that we beg 
to lay before you a few observations on the subject in u short supiile- 
mentai-y Report acpompanving this. 

We Ciiunot conclude this Report without bringing to your notice the 
services of Mr. William Beed, to whom we entrusted the practical 
management of the long seriee of ezparimenta which we deemed it 
light to make. 

To his intelligBQce and unwearied attention we ate much indebted, 
and we can only add that we have every reason to congratulate our- 
selves and you upon having had tlie benefit of his valuable asmstance 
throughout the whole of this long and important inquiry. 
We have the hooour to be. Gentlemen, 
Your obedient Servants, 

JAa A. LONQRIDGE, 

18, Abingdon Street, Westminster. 
W. a. AKMSTRONQ. 

IirewoBatle.on-Tfne. 
THOMAS BICHABDSON, 
Hewcastle-on-Tyne. 
HBwcurLtOK-Tnri, leth Jmamv, 1B68. 
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GIBBONS, S.P. 



Ill amuy i3tno, wiih WoodontB, oloth, frieeBa, 

RUDIMENTAE Y.— il, 62, fiS^-NAVAL 
ARCUITECTDHEl, PiindplM oftbe BdeiUB, J. PEAKE^ 



___ TAEYAJiTD ELBMI^AEY.— 63*. 
-C^ — FHACTIOAL CONdTRUCTIOH ooeetmlTBtued of SUpf 
tat Ocwa or Blnr Serrloe, bj Oplaln H. A, B01Ut£BraiJ>^ 

M.BJI. 

Iniwnlilo. with EneravGd FJatea, olotH, pries 7a. 6d. 

"DUDIMENTAEY.—53'*— ATLAS of 16 Platw 

J-V todttta^dnviiiiiiil eiigravMd In a Soala for Praotlc&~-Fi)rtIifl 
eonvmlsnce of llie Opurniivn Slilp Diiilder the Atlu nmytrahttd 
intliree geparate Pana. Put I., 2a 6d. Part II., 3b. 6d. Part 
III,, 23. 8d. 

-TSSdHiilaTd'nth, pric ^ 



In demy ISnin. with WnodenlatdiiUii pries So. 6d. 

RtlDjWENTAEY.— 64*.— mON SHtPBPIIJ)- 
INQ. Iw'jOnS QRAWTBAM. M.A. unil O.B. 
iDdsmrlSiiHi, with WoDdBatB, sloth, prise Sr. 

R UDIMENTAEY. — 65, 66^- NATiaATIOKT ; 
THE SAILOR'S SHA-BOOK.— How to Eesp the Log and 
Woik it Off-Lalltnds uid LangttBde— Orekt Clide EMIllOR— lAir 
of Stonns sod Tkriabls Winds : sod uiBzpluutlsnofTenaRiusd, 
with coknind IDiutntiaiis of Flus, 

J«lui Vfttle. B», High Baim, LodOoii, W-O. ^ ^ 
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jJ^JE. WEALE'S HUDIMENTAKY SERIES. 



If lairio-wUh WooflButs, 



■pUDIMENTARY.- 

E. Altl 



i]KVEYING,by T. BAKER, C.E., 2 



ETJDIMENTAIiY AND ELEMENTARY.— 62. 
— PRINCIPLES OF KAILWAVa, fgr lha Uaa ol the Be- 
irinhls Stnaiea; with Bketakes ISr CoDBtrucUou. Bf SUB. 



MACDOMAU? STEPHEMSOM. Tol. I. 

Id demy limo, with WoodeiiU, cloth, prioa Is. 
■RUDIMENTARY.— 62'.— RAILWAY WOBK- 

J-v ING IN GREAT BRITAiN, Stsllatlcsl DetMla, Table of 
CapLI&I mill IJlvldeiiJr^, Reveuue Acsaiintu, SLgniilii, &c.. Vol. II. 
~~~ In ilemy l^rn". wMi Wooilciils, clulli, price 3i. 

RUDIMENTARY.— 63, 64, G 5. —AGRICULTU- 
RAL BUILDINGS, the Gonstr.jction of, on Motive Po-rera, 
and tlie Jlaclilncrf t,f tlio SlaadinE; and oil Aericultiiril Field 
Engines, Mflshiiie:., mid IraplemmU, by G. H. ANDREWS. 3 
vols In 1. -Jniin W.-alf,69, IUgh Holborn, London, W.C. 



■pUDlMENTARY. — 67, 68. — CLOCK AND 

WATCH-MAKING, AND ON CnURi;!! CLOCKS AND 
BELLS, brU. B. DENiaON,-M.A., 2 Tula, la 1, conaiderably 

BXUnjtd. ronrlii EdtHon. 

In iaaj ISniD. wWb Woodcuts, doili, price Ss. 

RUDIMENTAKY.— 69,70.— MUSIC, Practical 
Treatise on, by C.C. SPENCER, Mu3. Dr. gvola. In 1. 
lu di'iny ISniQ, clotb, prica Is, 

RUDIMENTARY.— 71.— PIANOFORTE, In- 
ateutlion for Flaying the, by C. O. SPENCER, Hiu. Dr. 



In demr ISmo., with Woodcints, olDlb. prisa 3a, 
■RUDIMENTAJftY. — 76, 77. — DESCRIPTIVE 
J-** GEOMETRY, by J. g.gEATHER,M.A. avnla.j^l. 
In demy ISmo, with Woodcula, pHee Is. 

RUDIMENTARY. — 77", — ECfONOMY OF 
FUEL, hy T. 8. PRIDEAOX. 

In drmy l^nio, 2 Tolfi. In 1, with Wood<iut<i, clolb, price 2s. 

IJ UDIMENTARY.— 78, 79.-^TEAM: AS AP- 

IX PLIED TO OENBBAL PURPOSES. 

JObn Weale, SS, Blgb HOlborn, Ltmaon, W.C. 



]J^JR WEALE'S EUDIMENTARY SEEIES. 



In demy ISmo, with Woodcuts, olalh, price 1b. Bd. 

15TJDIMENTAEY.-78*.— LOCbMOTlVE EN- 

aim, by Q. p. DEMPBBY, C.B. 

In royal ito, o1o(li, prloo 4s. (Si. 
-DTOIMENTiRT. — 79'. — ATLAS OF EN- 
-Lt' QBA.yED FLA.TGS to DSHPSEyd LOCOMOTIVE 
BMGIMEB. 

In demr lSml^ with Woodonts, otalb, price le. 
■DTTDIMENTARY.— 79'".— ON PHOTOGEA- 

■l*' FHY, the Coinpoaiilon and Proporlles of the Cbemioal Sub. 
stAnm-i iineil, hy I>r. II. II AI.LEUH. 



S THE SCREW, S:c., 



RUDIMENTARY.— SO", 81*.— EMBANKING 
^ ^LANDSi'KOM THE SEA, by JOHN WIGUISS, F.G.S. 



In demy llmo, vltb WeodentB, eleUi, mlcs Sa. 
.™Tm.^^ ™. — fOWEI 

WATER, A8 APPLIED TO I 



■RTJDIMENTAET. — 82, 82". 

J-*' WATER, A8 APPLIED TO DR 

by JOSEPH r.IA'NN, 



_ In demy ISmO, with WoodsatB. price Sb. 

ptTDIMENTAET. — 82*", 83', 83 (6iV) COAIi 
, -Lv GAS, on the MurafUtnre kod DiBtribation of. by.SAMUZL 
HDGHBS, O.E. 

In demy 12ino, with Woodcnts, olotli, price 89. 

EUDIMENTAItY.— 82"**.— WATER WORKS 
FOE THE SUPPLY OF CITIE8 AND TOWNS i Works 
wlileh btva been execuied Tor procui - - - ■ 
DretDBse Aresa and by Pamplnir £ 

HOGHEa,0.fi. ; 

•lib Woodoots, cloth, p 

■-"-.—es".— CO* 

DOOR LOCKfl. 

In liemv ISm". wilh Wnodcnts, cloth, prire 1". 

EUDIMENTARY. — S3 (Sis) — FORMS OF 
SHIPS AND H0AT3, hy W. BLASD, ofllnrllip. 

RUDmENTAEY!— S4.— ART with 
nnmeroiis Example-, hy Prnf. J. R. YOUNG. 
In ilemv IZmo, el n I h, price Is.6d~ 

■RUDIMENTARY. —84*.— KEY to the above, 

■TL hy Prof. J. R. YOUNG. 

In demy 13mD, olotb, prloe Is. 

TJUDIMENTAEY. — 86. — EQUATIOWAL 
-L^ ARITHMETIC, QueiUona of latsreiE, AnnnlUe*. As. iy 

W. HlfSLLY. 

John Wea1«, GS, High Holborn, LoadDD, iW.C. 



JJ^TTDIMENTAfiY.— 83**.:^COilSTEUCTI01T 
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JJR -WEALK-H EUDIMENTARY SEBIES. 

lu demy 12mo, cIqIIj, prica Ib. 

P UDraENTABY.— SS**.— SUPPLEMiaSTAKY 

-IV VOLUME TO HIPSLEVS EQUATIONAL ABTEHBIE' 
TIO, Tftbles Tor thaCalciil&tion of Slmpls IntercBl,'if Ith LoguiaimB 
for Compound Interest KDd Annuities, fta , b7 W.HIPSLEY. 

In demy 13ma, cloth, pries Us. 

KUDIMENTARY. — 86, 37. — ALGEBRA, hy 
JA.MIiS ilADDON, M.A. 2 vols. In I. 

Til iIpmiv iSiuo. <n cintli. price la. (Id. 

-86', 67".— ELEMENTS OF 



In dem; ISmo. vitli WsodeatB, doth, price 39. 
pUDIMEffirrAIlt.— 91, 92.— PLANE AND 
J.V gpHERICAL TKQQ»OMETRr,bythewme. 8T0lB.ini. 

lu itmf limn, with VoodoutB, olodijprioa Is. 
pUDIMENTAiCY.— 9a— ™ratriEATrON, by 

^ T.BAKEH.Q.e. 

In demylSniD, elolli, ptlM 3g. Bd. 

RUDIMENTART.— 94, 95— LOGAErCHMS, 
Tables Ibr EudlltaHnr JUtronanileiil, Nnnlloal, Trlflonometri- 
eiLtndLogaTllhmteC«lMutlDiiB,brll.LAW,C.B. Hair Bdltfon, 
wtth^^bbi Of Mahnal Bliws and. T>iigNit^ and Hatutst Cotbtu. 

In itaj lanw, with Woodcnta. olntfa, price Is. 
■DXTEIMSNTARt.— 96.— POPUliAB ASTEO- 
HOitr. BythsHav.ROBEBTKAIM, aJt.A.6. 

In demy 12nio, with WcodcntB, cloth, prioa is. 

"DUDIMENTARY.— 97.— STATICS AND DY- 

" NAMICS, liy T. HAKKB, C.E. 

In ilnmj i-imo. wiih 220 WojiiciitH, oliilli, price He. Si. 

RUDIMENTAEY. — 98, 98*. — MECHANISM 
AND PRACTICAL C0N9TROCTI0N OF MACHINBS, 
br T. BAKER, U.B., mi OS TOOLS AND HACBINBS, by 
JAMSa MAaMYTH, CJE. 

In demy 12mo, wllh TToodonts, cloth, price Be. 

RTJDIMKNTAKY.— 99, 100.— NAUTICAL, AS- 
TliOSUMV AN-D NAVIGATION, by i'rof. VODNO. S 



PUDIMENTAEY. — 101. — Dli'FEEENTIAL 

CALCULUS, by Mr, WOULH0U8B, F.R.A.S, 
JtdiD Weile, fiS, High Holbom, London^ WjO. 



-^IL WEALE'S RUDIMENTARY SERIES. 



7 MmD, cloth, price Gd. 
y. — lOl*. — "WELG] 

' MEABUKES UF A.LL NATIONS : Wel;{liU, Cains, and the 
varlmiB Divlslona of Tinio. witli tlie iirinciiili^a which dfllennlne 

HUM of Eich-ng fl. li T Mr. WOOi.HOUSli . F. li.A.3. 

In demy lamo, in cloth, nrdoa la. 

PUDIMENTAEY. — 102.— INTEGRAL CAL- 

J-^ OULUS. br H. COX. M.A. 

In demy ISmo, in dotli, price In 

NTABY.— 103.— INTE 

CU1.U3. Knamnlnflnf.by fraf. JAMES II ANN. 
liny 12nio, clotli, price ih 

" . DI] 

T.HADDU N, >[.A- 

In rlcrav lim<\ l ilh Wondciits, cloth, price l!i.6tl, 

J^UDIMENTAllY, — 10,-,.— i\LGEBEA, GEO- 

bytheli-v. T. Vii.NV.XG i uN klUKilANi M.A. 



FOR ALL SKIIVICK 



RUDIMENTARY.' — 107™— 
BUILDINGS ACT hi preseiil opprnltnn, «iLh N-.t,'!i, «iid lha 
Act dalcd Aiigii,! ESlh, 186U, for tetter supplyiog of Gad 1o the 

KXJDIMENTARy!— 'lt«!'— ME^^ 
LOCAL UANACIBUENI? ACTS. AliaeAsls. 



LOCAL MAHASEMEMT? ACT8. AUtteAaW. 

In dsinr ISmo, Glath, prioe Is.Sd. 
HENTAKY, — loe. — LIMITED LIAr 

BILITY AMD PAIIT NEB SHIP ACTS. 



la demy ISmo, cloth, pries Is. 

"DUDIMENTAEY.— 110.— SIX RECENT LE- 

•Lv GIBLiATlVE E.SACTUENTS. for CagtraEtDTH. HanAanla. 



RUDTMEKTAltY.- 113. — USE OF FIELD 
AltriLI.KHY ON ai:RVICE, liy Lleut.-Col. HAMILTON 

MAXWBI.L. U.A . 

III daniy l2nio, «itli Woo^culs, clitli, price ta 6d. 

TJUDIMENTARY.— 114.— ON MACHINERY: 

H. Kudtmvnnity aiMi Elemontsry Princiiiles of Uia ConBlmotion 
■Ed on lha WorklLie of Machinery, hy C. D. A BEL, C.B, 

In roral Ho, eloth, pTioe 7s.Sd. 

-RUDIMENTARY.— 115.— ATLAS OF PLATES 

-Lv OF SEVBKAIi KINDS OF MACHINES, ir TUrnllUbto 
UlDBtratlve platra, 

John Wnle, GO, HIgb HOlbMn, Lonlim, W.C, 



"I^B. 'WBALE'S EUBIMENTAEY SEKCES. 



In dem7 lanrn. wllli Womlciils, cloth, price Is. 6il. 

KUDIMENTAKY. — 116. — TBEATISE ON 
ACOUSTICS; The D.sfriljulioii of Sound, br T. ROGER 
SMITH, Arciiilect. 

In demy i:?mn, -Uh Woodcuta, clotb, price 2s. dd. 

P UDIMENTARY.— 1 17.— S U BTERRANEOUS 
SUBVEYIKO. HAKOIN6 THE LINE WITHOUT THE 
HAGKBT. Br THOMAS FEITWICE, Coal YiGinir. With Im^ 



prDTUnents and Modem Additions T. &AEER, O.E, 

In demy l!mi),wllh PU(«i and WoadsntB, cloth, price Ba. 
PUDIMENTABY.— 118, lift— ON THE CIVIL 

■l-v EKaiNBERINO OF HOKTU AMEBICA, In D. STETEK- 
BOK.C.B. 3Tol<.tQl. 



In d»mT ISmn. with Woodcute, doth, price Si. 
RUDIMENTARY. — 120.— ON HYDRAULIC 

J-t- E NQINEERINO, by G. U. BORNELL,C.E. 2 vols. In 1. 
In dmT lamo. with 1 F.ngrhvei Platen, clith. price U. 6d. 

13UDIME{JTAIIY. — 121. — TKIHATISE ON 

" HIVERS AND TOiiKENTS, from tLu itnlian of PAUI- 
TRISI. 

hp PAUL FRIST, ir 

ESSAY ON NAVI- 



JJ^UDIMENTAEY.— 122,— ON EIVEES THAT 



1* bound tOKetharlo cloth In 1 vi 



la demy ISmo, «tlh Woodenli, doih, price la. 6i. 
UDIMENrrAET.— 134 — ON ROOFS J 
' PUBLIC AND FBITATE BUILDINQB, bundfid O) 



In Tnjfl tta, Gtoth, price 4«. 6J. 

EUDIMENTAEY.— 124*— BEOENTLT CON- 
S TRUCTED IBOH ROOFS. AUgg Of pUtM. 
In ilcniy ISmn. with Woodotts, clOth, piice Se. 

T)UDi:NtENTAEY.— 125.— ON THE COMBUS- 

-l^ TION- OF COALAKD THE FRSTEHTION OF BUOKB, 
Oliomically jind PiectlctllT Considered, by CBABLE9 WYE 
W1LUAM9. 

In ilpniF l^mo, clnih. 125 aad 12S tojiether, prtcB Sa. 

T1UDIMENTAIIT.— 136.— ILLUSTRATIONS 

LV to WILLIAIIS'S COUBUSTION OF COAL. ISB And 120, 



In d^my 12nio, vllh Wondcnla, cloth, pricala. 6d. 

IJUDIMENTABY. — 127.— .'PBACTICAIj IN- 
J^*- STllUCTIONB IS THE ART OP ABGHITECTUSAL 
MODELLING. 

John Weale, B6, High Holbom, London, W.C. 



J^E. WEALE'S EUDIMENTAEf SEKTES, 



Jn demy ISmo, 'vClb El«niTliiKi >nd Woodcats. 
T5Tn>IMEliTAB.T.--128.— THE TEN BOOKS- 

OF M. TITEUVIoa OS CIVIL, MILITARY, AND 
NAVAL AROHITEGTUBE, truulkted bj JOSEPH OWILT, 
Arch. 2T0lB.ini. 



In demy 12iDo, 12S and 139 togatlier, clotb, price Bs. 

RUDIMENTARY. —129.— ILLUSTRATIVE 
PLATES TO VITRUVJUS'S TEN BOOKS, b; the AdHidt 

aod JOSEPH GANDY, It.A. 



ETJDIMENTAE^—Tsa— i'nXJU INTO 
THE PRINCIPLES OP BEAUTY IN GKECIAN ARCHI- 
TECTURE, by the Right Hon. the Earl of A UlCRDEEN, &c.&c. 



la demy IZmo, eloth, price 1g. 
p UDIMENTARY. — 131. — THE JIILLEE'S, 

MERCHANT'S, AND FARMEK'3 KEARY If ECKQNER, 
forMcertiiinine at Sight tbe Value of any qiitintily of Corn ; toee- 



Ind«roy ISmn, with Wnoacuts, clolli, prjre 2-:, fid. 

RUDIMENTARY.— 133.— TBBATISE ON THE 
ERECTION or DWELLING HOUSES, WITH SPECI- 
FICATIONS, QUANTITIES OFIHBVABIOUS UATERIAL6, 
ae,l)yS. ll.BRqOKa,ArBhltert. 87 PUtei. ^ 



pUDIMENTART BBBOEa— OW MIITES,. 
J.V BHBLTIKa WOBEB, AND THE UANnrA.CTDRB OF 

METAL8, M folloTC 

In dSTDT Itnto, irith Woodeats, ckUvprise Si. 
pUDIMENTTAEY.— Vot 1.— IffiBATISE ON 

-Ri THE METALLUROY OF COPPER, by R. H. LAIIBOSN. 



RUDIMENTSiY°— Vol! T— TREATISE ON 
THE MKTALLTIKfiY 01;' SILVER AND LEAD. 

In demy 12mo, to h»ve Woodcnta, cloth. 

RUDIMENTARY AND ELEMBNTABY— 
Tel. S.— TEBATISB ON IRON HETALLURST up to tte - 
Mmnnfantare at the btcat piMewea. 



la demy lAno, to hava Woodcuts, elotb. 

RUDIMENTARY AND ELEMENTARY. — 
Vol. 4. —TREATISE ON QOLD MINING AND ASSAY- 
ING PLATINUM, IRll^IUM, &c. 



In demy ISoio, toliave Woodonts, clolh. 

■pUDIMENTARY AND ELEMENTARY.— 

Vol. 5.— TREATISE ON THE MINING OF ZINC, TIN, 
NICKEL, COBA LT, Ac. ^ 



In demy lUmo, to have Woodeuts, clnih. 

RUDIMENTARY AND ELEMENTARY. — 
Vol. B,-TKEATISE ON COAL MINING (Oeoloey and 

Mean s of DlBc overing, to.) 

In aemy IZmo, Willi Woodcuts, eloth, price Is. 6d. 

PUDIMENTAEY.— Vol. 7. — ELECTRO-M& 
TALLUBar.— PisoUcaUy treated by ALEKANDBK 
WATT, FJt.9.A. 

John WeUe, 09, Bigb Holborn, Londao, W>C. 
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p^BW SSatlES OF EDtrCA'nONAL WOBSa. 

ONSTETUTIONAL HIrjTOUY OF ENG- 
LAND.— 1,9, B, l^By W. D, lUSlLiyi-ON, <jf IheStilo P. O. 



In awttr Itmo, cloth, price Is. 
TTANDBOOK OP OOMPASaTIVJ!! PHILO- 

-U- LOQV^ll*.-Br HYPE CLARKE, P-O.L. 

In deTDT stout ISmn, cloth, pTicsSa.Od. 

T\ICTIONAEY OF THE ENGLISH LAN- 

GUAtiK.— 1:1, 13.-A San Ehclioniiry sf ihs tingllah Tongns 
as apok«a and nritCsn, ntKve 100,000 words, or B0,000 mm ttuut la 
mar eibtlng wart, by HYPE CbARKE, D.C.E.,, 3 voU. In 1. 

la demy ISom, oIoUl pri« Is. 

GBAUMAfi OF TE^ GBESS: LASTOUAOE. 
— 1«— By H. C. H AMlLTt)H. 

TiICTIONAltYT)V^TVE GREEK AND ENG- 

■*J LI3H l.ANaUA<;l;s.— 16, Iti.-lij- JI. K. HAUILTOM, 3 



T\ICTIONAT?Y OF THE ENGLISH AND 

-L' OKBEK LANi;l-Ai:i;S.-17, IS.-Dy H. R. HAttll/rOS, S 
Tols. la 1. 

qramjiae'o1^the''laiYn''^ 

In demy l?mo, cinth, prim Ss. 

DICTIONARY OF THE LATIN AND ENG- 
LISH LANIiUAOES.— 20. 21,— By theRev. 'i'. GOODWIN. 



QEAMMAR O-j' THE FRENCH LANGUAGE. 
J^a WeBl«, S9, High Holban, Lmdia, Wjp. 



Ta demj- lamo, cloth, pHra la. 

DICTIONARY OF THE FRENCH AND 
ENGLISH LANOUAOES.— as.— B7 A. BI.WKS. y.il.l. 



n demf cloth, price la 

OF THE ITALIAN 

-m.—BT A. BLWB8. 



In demy 19am, elotb, prica 9i. 
TJICTIONAET OF THE ITALUJff, ENG- 

LtSH, AND PBEHCH LAKaUAOSa.— SS, »^B7 A. 



BLWES. ToLI. 



DICTIONARY OF THE ENGLISH, ITALIAN, 
AND I'liENCH LANGUAGES.— SO, 31.— By A. ELWEB. 



GRAMMAE OF THE SPANISH LANGUAGE. 
— ai,— B7 A. ELWES. 

In duny 19nia, doOi, pdM 4e. 

DTCTIONARy OF THE SPANISH AND 
ENOLISH I.ANaUAQES.-8li,Sa,«7,aS.-ltr A.KLWB6. 
4 VoU. la I. 

^AMMAR Ob^'i' H b'gEH^ 
^LASSICAL'GEKRA^f'Rf^EB.— 40.— From 

Til demy tamo, clnth, price Sb. 

DICTIONARIES OF THE ENGLISH, GEE- 



E. HA J 



In d«roy ISmo, elotli. prlco Ta. 

■niCTIONARy OF THE HEBREW AND 

AJ ENGLISH LANQCAGGS.— 44,4S^-4JonMningtb«BiUiuI 
and SakUnlal words, 9 tsIs. (togttfaer with tfas Oranuiur, wbliA 
be bad Mpantely Ar 1b.), Dr. BKEBBLA.!!, Stbctw Pro- 

■Mh, price 3r 

""ihl 

_ cc.mp1.t_n; 

In demy ISmo, tlolh. price la. 
J'EENCH AND ENGLISH PHRASE BOOK. 

John Weah, BB, High ^<Sbam,lMUea,yf.C. 
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I^R. WEALE'S CLAaSICAr- SEHIES. 



Now tn course cf Publlculion, In demy 12nin, price Is iior VoIutiiu 
Cexcept in Eomc iniitancee, and those &rD 1^, dd.or 2^. cucb], very 
nently printed on good piiper. Tbuaa piiced are published. 

n:p;EK and latin classics.— a Series of 

Yuliimes canlainlng the pHueipal Graek-And Latin Autham, 
acconipsnicd by Eiplanatoiy Hotes la EDsUsb, prlncip&IIy Eelected 
from tlie beat and md«t reoMt Gannui ConimeDtotora, and com- 
prii,Ing all ibasa Woriu that are euactlal for tbe Scholar and the 
Fapil, and appllcible for tbe UnlTerdlleB ot Oxford, Cambridge, 
Edinburgh, Qluiginr, Aberdeen, and Dublin— (he Colleges at B<iiras^ 
Ceck, Oaliray, Winchester, and Eton, and Ihe grest SchoiriB at 
Hanoi-, itugby, Ac— hIbo for Private Tuition and Inetnietlon, and 
t»t the Ubruy, as fdlowe : 

LATIN SERIES. 
In demy ISoio, l»anli, price la. 
A NEW LATIN DELECTUS.— L—Eitracts 
-iJ- from Clot^l AntboM, iritb Tocabnlariea and SxpUoslerr 
MotM. 

In demy 12mo, hottd^ piioe 2i. 
p^AS'S COMM%TAItIES ON THE GAL- 
\J Lie WAB— S.— With OrainniAUMl oad BzptDnaUii Notes 
In EogUab, and a Geagntpldcal Index. 



yiEGIL. — 4.— TheGeorgioa,Bucolica, withEngliaL 

III demy ISmo, boardi, ^oaSs. 

YIBGIL'S ^NEID.— 5.— (On the same plan as 
• the preceding). 

In demy ISmo, boardi, piks Is. 

TTORACE.— 0,— Odea and Epodes ; with Engliah 
-l-l- Notes, and Analysli and Explanation of the Metres. 
In demy 12mD, boards, price In. . 

HORACE.— 7.— Satires .and Epistles, with Engliah 
_ Notaa, a^c. 

SALLUST.— 8*— ^Conspiracy ^of Catiline, Jugur- 
thlna War, with Enallsh Notea. 

In iiamy 12nio, boards, price l3. Gd. 

rpEBENCE. — 9. — Andrea and Heautontimorume- 
JL Qoa, Tlth EngllBh Notes. 

In demy ISnio, boards, pries 8s. 

TEBENOEL— 10.— Phormio, Adelphi, and Hecyra, 
with English Notes. 

n demy i9mo. 

ationB ag: 

, and for tbe ManiHan Law. 

CICEEC— 12.— Firat anVsecond Philippics ; Ora- 
tloni far Mllo, for Mnnellns, &c. 
JoluiWMle,G9,HighBolbom Lond«ii,W.C. 



JJB. WEALE'S CLASSICAL SEBIES. 



(HICERO.— 13.— Da Officiis. 

CICEKO.— 14.— De' Aiiiicitia/de ^SeDeotute, and 
liiii'UB, with English Noteii. 

In demr 12wa. 

TTJTENAl AND PEESins.— 15.— (Hie inddl- 

•i ..i. p.,a.,|.ii. 5.a.) 

In eemj laino, boaras, price Bl. 

LIVY. — 16. — Books i. to v. in two vols, with 
Eiiglisli No Its. 

In dp-ms 12mo, boards, prlou Is. 

JI^IVY.— 17.— Eookfl xxi. and xzii., with English 

TACITUS.— 18.— A^MolaTGermsnia; andAn- 

iaiB,Bootl. 

In Away ISmoL board*, prtoe Is. 
CELECTIONS FROM MBOLLOS, OVID, and 

f KOPERTIPfl.— 19— with EnglUll Motf s, 

IndsmylSiUD. 

CELECTIOira EBOH gUETONIUS and the 



GREEK SERIES, OK A 8IHIDAE PLAN TO THE LATIIS 
SERIBS. 
Those not prlond ars in tlie Preal. 
In demr lima, biwrdB, price 1*. 

INTEODTTCTORY GREEK READER.— I.— 
•L On Ibe woe plen be tbe Latin Heedei. 

VENOPHON. —41. — Ad^bIs, i u. iu., mth 

A EngUalL Motea. 

[n iemf lime, boards, p 
3. — Anabasis, 

Engll ah Notes. ' * 
Iu itmj ISmo, boards, (jrlce 1b. 

J^UCIAN.— 4.— Select Dialogues, witli English 
JJOMER— fi.^Iliad.'i.'^o vi.% itli Englieh Notea. 

In dems iSmo, boar^H, vrice In. Bri. 

JJOMER.— 6.— Iliad, vii. to xii., wilh Eugliali Notes. 

In demy 12mo, boards, piico la. 6d. 

HOMER.- 7.— Iliad, xiii. to xviii. with Engliali 
Notes. 

John Wesle, G9, U'lsb Qolbnm, London, "WXl. 



JJE. WE-\Ll-'3 CLASSICAL SERIES. 
J^OilEK— 9.— Vljasey,ltovi.,wUhE^^ Notes. 
JjOMJaS.— la— '0dj4ey"t\ii!'^^^^ English 

In demy ISmo, boards, -prlca la. ed. 

■JJOilEB.— 11.— OdysBe^.xiii-to xviii.witli English 

In i*my ISmn, boarda, pxiee la. 6i. 

TJOaiEE. — 12. — Odysaey, xii. to xxiv. j and 

J-t- Hymns, wltli EngHeh Watei. 

In damy ISmo, bnuds, pTiM 2s- 

pLATO.— 13.— Apology, Critp, and Phtedo, "with 

^ EpgHgh MotBg. 

In daiDT ISmo, bends, price Is. Sd, 

HERODOTUS.— 14— i. ii., wifct English Ifotea.— 
De'llotted to Hl^ Gr»ea the Baka of Dtvorahlre. 

m ^cmy ISmo, bonpis, twice In. fld. 

HERODOTUS.— 15.— iii. iv., wi* aiglish Notes. 
Peillciifcl 1.1 HlBHra^e tlip DiiliH oP Pbtdti-'H"'. 

In demy 12 mo. 

JJEEODOTUS.— 16.— v.^vi. and part of^vii. 

In demy 12mri, 

HERODOTUS.— 17.— Ranwiinder of vii., viii., and 
li. D^-JifiitiHl In niB Gryie the Puke of DavonBliire. 
In demy 13mo, bnudi, ^riee la. 

gOFHOOLES. — 18.^CEdi|niB Bex, with English 

gOPHOCLBS.— 19^^ 

Iiid«m]> 19rm. 
gOPHOOLEa— SO.— Antigone. 



gOPHOGLES.— 21.— Ajax. 



Id deniT ISmo. 
gOPHOOiaB.— 22.— PhUoetotw. 

In Semy tStno, t>eaTla,-pTl<» la. Sd. 

^URIFIDES.— 23.— Heoaba, nith. English >14bta8. 

In-damr ISoio. 

In damr I9no. 
IgUfaPEDEa.— 25v— Hipfxaytufl. 

Jdm Waila, fi9, High Halborn, LDodon, W.C. 
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JJE. WEALE'S OLASSIOAI. SEEIES. 

In dsmy 13m n, boarr's, price li. 

J^UEIPIDES.— 26.— Alceatis, with Eoglisli NofxB. 

J^URIPIDES.— 27.— Orester" 
Id itmj 12mo. 

JgTJBIPIDES.— 28.— :^tnicts from the remaining 
ludemr lamo, 

gOFHOCLES.— S9.— l^tracts from. the remaining 

In dvn; Umo. 

^SCHYLUSi— 30.— F»mfl&eaB Yiuctus. 

Indamj'lBmo. 

JgSUH VIjTJS.— 31.— Persee. ' 

jZgSCHYL'US.— asl^^^temooatrft Thebas- 

In demy 12iniJ. 

^SCHTLTJS.— 33.— Choephoi-ffl. 

la aeaij ISmo. 

^aCHYIiTJS.— 34.— Enmenidea. 

la damy l2nM. 
ypSOHYUTS.— 35.— Agamemnon. 

^SOHTLTJS.— 36.— Supplices. 

PLXI TA RCH,— 37.— Sclecf Lives. 

IndBmyiamo. 

J^RISTOPHANES.— 38.— Clouds. 

Indsmy ISmo. 



ABIST0PHANE8. — 40. — SeleoHona from the 

■Q reni»lnlntt ComfditB. 

In demr ISmo, boards price 1b. 

ptrCYDIDES. — 41. — I, with Eogliili NoleH. 

In demv lime, 
^HUOYDIDES.— 43.— n. 

Jolin Weile, SO, HIgli Helbon^ iMtitt, W.O. 
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llJH. WBALE'S CLASSICAL SEEIES. 

•JHEOCRITTJS.— 43!— sSeotldyla. 

lodemrlSmo. 

piNDAR— 14. 
gOOBATEa— 4B. 

Ia4my iSnuh 

jjBSIOD^-46. 



FINE ARTS. 



Fine Plates ind YlgnrttM, AtlM folio, prtos £S lOa. 
(< NORWEGIAN GOTERNMBNT WOEK." 

1<I — THIS CATHEDBAL OF THBOKDUEIU, IN 
NORWAY. Tuit hj Frobuoi MUHCU; drawIliKS I7 H. E. 
aCH IRHEK. Archileet. 

Large AtU9 rollo, 4 livraleons, published In Mulrtd, nt IDO T«tl> 
each, or £1 In GnElmd. Illiutrated bj bBiuUfbllj eiecnled 
EngnvlDga, Boma of whtcli sre coloured. 

( t CPAN ISH GOVERNMENT WORE."— 

^ J[ON'UMEST3 ARi^mTECTONIQUES DE L'ES- 
PAGNB, PUDLiKS AUX FKAIS DE LA N ATIOS.— Fabt I 
Pi-ovincia de T..lcdn, Granadn, Aloalii do Hen irea,— Part 2. C«te- 
dril Taleil", I>t!i.itlleR.— Paut 3. C.™ii:id», BBR'.viii. TMlodo, Ssla- 
inanc.i.— PM!T 4. Sunla Marlj de Atcali .if Himares, C^iit r.oii\n do 



THE VICTORIA BRIDGE, AT MONTREAL, 

IN CANADA. — Elafaontiiljr lIIUB!T>led hy views, ptans, 
•IsTitloiu, and dttells of Bridge ; together with am lllnatmiotiB 
ofthaMtebliMiyiiid CnatrlTuices used In thaconstraDllonoflhlB 



alnemdon 

produced In the fluesl style of ad, pictoilally and seomBtrloally 
dravn, and the vians hlehlv coloured, and a desoriptlTe (ext. 

I>cdlcatt.i to ItUH'TKl Hi=:hneHS lha PrincB of Wales. Br JAMBS 
IIODGKrt, EoKi'ieer lo ti..^ ContracWra. Englneera; ROBEKT 
STEl'UKNSOS snd Al.F.X. M, ROSS. Contnotorsi Sir 8. 
MOllTDN PETO, Hart., M.P.. TII0UA8 BRASSES, and ED- 
WARD LADO BETTS, Esqnt. 

John Weato, 69, High Holbom, London, W.O. 
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Id one Imperinl fnlio voliinio, with aiqiiisile illuatrnlicn PlmpH from 
cosily Dritwtn|;9 mnda by the initM irniiniMit nrtlnls, lialf-bonod 
vety ii'-iit, prlcB iiS 6«. Only 150 i:i ;'ics iiriiilfid for sate. 

■DROFESSOR COCKEllELL'S WORK.— 

-T THK TEMPLES OF JCl'ITEU r:VN!IEr.LENIU9 AT 
JEdlVA, AND OP APrtl.l.O EP1CUR1U3 AT BASS/K, NEAR 
rillGAl.PIA, IN AltCADlA. 

~~It Ispmpn-edtopiiMa'l i" tliel^fe and Work? r.f ilio Itila 

PAMBARD KINGDON BEUNKL, F.R.S.,' 
Civil Engineer. — Ths geiiliis talent, and great enterptlM 
of the lata Mr. Brand hu a world-wide Uait, hia whale llfn wo 
dftVOted alona to the idenea of hla prof^salan, not In Iniitattaa oc 
eopyine others, bnt in iDrentlon. In finding ant new roula to the 
onward ndvancement of lilB Art, the llfitiis "P from the alow and 
ticaling path lii Kngliieertng Art, new Idea ;iTid rc:nlit<uj<, and which 



Jiiit piihll=lied. in 4tn, with 100 EnErraringa, pric", bound. 91b. 

nmE PRACTICAL HOUSE CARPENTER.— 

-■- More parilcuiarlj- for eountrf practice, silh speciecatloDl, 
qnantliiex, and contractB: alao coDtalnlns— 1. Dcalgns for the Cen- 
tering of (Iri>iiiB, Niches, tce.i 2. Designs for Roofa and StitlrcaMB. 
S. The Five Ordera laid down to a scale; 4. Modern Method of 
Trusalng Girders, Joints of Csrpenlen' work ; 5. Designs for Modem 
Bhop Frnata niUi their datsils; 6. Dc^b for Mad«ni Uoors with 
their debtlla; 7. Denigna for Modem ■windows, with their deislls, 
•nd ftocTtlla Arclilteenire. The Thole^sinpiy descrlbad. for tite 

nD^Bigna, 

I>KTJUh.O, ArCPlLVCE. 

In 1801 "till lie publi 



mills nf Ejperimcnta oi 



ANCIENT DOORWAYS A 

(EMmrlo'iof). Arranfied to illuatra; 



,1, ftimi liir. Cin qn 

e Plates, noatiy half-bound In 



n extra case, or In a 



; tliB difTerem atylea of sl._.. . „ 

oils uacrod HTmbolB and omnnienta naed In chnrches. 
JohnWoaIe,Ge, High HollMii], London, W.C. 
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MB. WHALE'S WOBKS ON ARCHITEC- 
ruae, EsamEEBisq. vise artb, *c. 



(d 4to, i>ilh sboiil 5T0 Eng 
coloured, 4 mU.. orifrttial 



RCHITECTURAL PAPERS. 



ARCHITECTURAL ORDERS (FIVP;) AND 

£»- THKIK ENTABLATUIlEi, dmwu to n hir^nv •cn;t, ivitli 



JENOLLET, M. — ];i;port on Km Atmosplievic 



ATMOSPHERIC RAILWAYS. — THREE RE- 

■tV PORTS on liiiproYi.l mothcdj of CnnatmcllDE and WoikEng 
Almospharlc K«tlnii;s. l!y E. MAI.l.ET. C.E. 



BARRY, SIR C 
Smdiea of Modem Englii 



hair-tnonMca, IBii., wllli Engnvlngs, 
CHARLES, E.A., fitc - 



DEWiCK'S (J. 0.) GEOLOGII:AI, TJiKA'flSK 

A' ON THE DISTItlCT Of CLiiVr.I.AN 1) FN NOUTH 



la 8to, wilh Plates. Fries 4 < 

BINN3, W. S. — Work on Geometrical Dm 
embracing Pracllc*! 
CnstrumentflM^s coiutniotlwu *iiu uw u dhubd, i 
ImUod, and Elemsntuy DeanriptiVB Geametrr* 

JnllD, witb IDS niuatnitlvfl Plitei, clolh boards. £1 1 



BL A S II F I E L D, ' J. M., JI. E., Inst., 
ACCOUNT OF TIIK HI3TOKY AND MANUFACTURE 
OF AMCIENT AND MODEIIN TlCltliA COTTA. 

gODMEE, R., C.E.— On Ule Propulsion of Vessela 
DETDGE. — A large magnificent Plate, 3 feet 6 

■1^ Inahea bv S feet, on ■ witc of -^5 fo^t la an Incli, of LUECDnN 
BRIDGE ; vobtBtnlnK PUo and EleTRMon. EneraTed and eldbo- 
nlBly Gulihed. The WorkottlieRENNIES. 

John Weilt, B9, High Holbim, iMaim, W.C. 
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ME. WEALE-S WORKS ON AECHITEO- 
TUKE, EN'GIKEERING, FINE ARTS, Ac. 



BRIDGK — Plan and iaeration, on a scale of 
10 feci lo an Inch, of STA1KE3 BBXDQS; u flns Engr&ving. 
TT>. -ork it lliB KENNIES. 



Inrnj-klSio, l iili v.tj' rlnbordtu Plfttei (Gilded}, £1 lOi. 

BRIDGES, SUSPENSION. — An Acoonnti 
Willi Illii<itrAli(inH. of ihe Su-'^n'-niilon Bridge Kcrosa theHIver 
Damibp, by Wm. T. CLAHK, F.ll.K. 



and 92 Woodcuts. 

In ODB lirgs 8ti> yoliini', Biih eiiilarmlory Text, mid 68 I'latea 
comprlBliiE do[»tls una meaiureil dlnisnstoofl. Hound In half- 
morocco, niiiform wilh tho preceding work, price £Z 10s. 

BRIDGES. — SUPPLEMENT TO "THE 
TriE01!Y, rKACTJCE, AND ARCIIITECTPRB OP 
BHlDf;i;rt OF STONi:, lUOS, TIMBEK, WIRE, ANO BUS- 
PENS iOS,'' 

jirge folio Engnvlng;, price 

cross 

S' BRIKCF,, 

iogjavine, p 

STONF, UltllXiE. 



BRIDGE acroaa the 
IRON BRIDIjK. 



^ngnrliiK price Sk 
fham^. — YA 



1 *ei^ Utga EngntvlDg, prioa ti. Bd. 

"pBIDOE across the ThameB.— HAMMERSMITH 

±J eUBPEHBION BHniOE. ^ 

1 Urge EneiaTlng, price ta. 6d. 
'nUIDGE (the trPPEE SCHUYXKILTj) at 
JLi^^raiLADELPHIA, the graaieiC knoim apin of gna ireb, 

1 large Eni^vine, pHceSs. 6d. 

BRIDGE (the SCHUYtKILL) at PHILA- 

1 lirea EnE^^vIng, prim Ss. ed. 

BRIDGE. — ON THE PEINUIPLE OF SU8- 
•PENSION, by Sir I. BEUNBL, in Uie ISLAND OF 

BOPBBON. 

1 1*rg« Sugrtilnf, price ta, 
■RRIDGE — PLAN andELEYATION of the 

-L* PATENT ntOM BAR BBIDGB aver ma BivetT>saa,)lur 

BenHek. 

_ 84 Pl«tes. folia, £1 1*. bMida. 

TiRIGDEN, K. — Interior Decorationa, Details, 
and Views of Senoa Chnnb, Lanouhlre, erected ia the r«tga 
of Henrjr VHI, 

John W«*1f , S9, High HalDon, Leodoii, W.C. 



BEITTON'S (.J-Am] VIKWS of the WEST 
FliON'TS nf 11 !:N(.I,i-ll CAT i 1 inn( M.S. 

15EITTON"l''(John)'r£ESPECTIVE^VIEWS of 

JJ the INTElilOR of 14 C ATllEDliALS. 



1 large Gdgnvtng, prlca ti, Sd. 

■D^^OW^^•S <Capt. S.) chats PIEB at Brighton, 

-U Willi Uol.i U. 



BUCHAKAN, E. ~ PRACTICAL ESSAYS 
UN MILL WORK AKD OTHER MAUllINEKY; irtlb 
Eiimplea of Tools of modern Invention; Erst published hy 
ROBELtT BCCnANAN, M.E. ; ttflenrarda imi)roTed Bud edited 
by THO«AB THEDGOLD, O.E. ; mid re-eriiied, wiih the tm- 
proTcmentB at the present age, by GEOKGK KESME, F.R.3., 



BUCHANAN, E. — SITPPLEMENT. — 
PiiACl'ICAL EXAMPLES OS SIODERN TOOLS AND 
MACHINES: ft Siipplementary Vtilume to " " ~'~ 



In one Talame,4bi, 21 Plat«I, hair-bound In morocco, £1 Is. 

iTDTT Architect. — Examples of Ancient 
' Enleglastlcal WoodvoTk. 



li. Br V 

iabeBch. 



BlCHARnSOW und CHARLES GAWE.nfWIt 

In 8vn, PUtes, doth boards, 7s. 6.1. 

fALVEE, E. K., E.N.— THE CONSEEVATrON" 

^ AND IMPROVEMENT OF TIDAI. HIVI : r.^. 

In s™, Woodmts, 1m. 6d. 

fALVEE, E.K., EN.— ON THE CONSTEUC- 

TION AND ?BINC1PLB OP A WATE SCREEN, 

dc^il-ii.'fl Ue tlw Furmatlon of HBrbonraof Kefkica. 

Iii4'o,h«lf-bouiid,pfii!efil 6s. 

T'AETER, OWEN B., Architect.— A SERIES 

OF THK ANniKNT PAINTED GLASS OP WINCHES- 



at BishopBtnne, with lllnetratlDne of lU Arehlleelare. 

tlohik WaiU, SB, High Hulhom, LoDdon, V 
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In 4to. villi 19 EngniTings, £1 la. 

CHATEAUNEUF, A. de, Architect. —Architec- 
turs Di.mci^tim; n Series of TEryneM ejamplES of iDterinn 
«ia_E»len(™ of residence!! I n the Italian Ely la. 

Lnrge 4lo, In hnlf-rpd moiocco, price £1 84. 

pHIPPENDALE, INIGO J0NE3, JOHNSON, 

^ LOCK, nnd PETHEE.-Old Englisli and Fnnch Onw- 
menls : cnnii>risiiig SU des<Eii9 on 106 Plates of elaborale eiamplei 
or Hall GlHR-es. Picture Frames, Cblmner .pieces, Ceilings, Stands 
forChinn, Cloclt: gnd Wntcb Cheos, Girandole*, Brackets, Gr&tea, 
LantetD!!, OrnnmenUl Fiiroltnre. Omuiicals for brass vorkers and 
silver wrirliprs, rfal crniinental IroD noik Pallerns, and for carvers, 
moilellors, &q., fie. &c. 

410, tliird EillUon wlQi addilinni, price £1 lls.ed. 

pLEGG, SAM., C.K.—&. PJRACTICAL TEEA- 

^ TI9E ON THE MANUFACTURE AND DI3TRIBU- 
BUTIOK OF COAL GAS, Illustrated bj EngravlDgaYTom Work- 
iag DcavlnBS, niih General Estlmalei. 

In 1(0, Plates, and 78 Woadnnts, boaras, price 6t. 

riLEGG, SAM., C.E.— AECHITECTTJBE OF 

V MACIIIKICBY, Ah Essay on Proprlcly of Form and Pro- 
p-.rllon. For Ilje iisfl of "SluilentH and Sctioolnmslcrs. 

QOLEUENS, Z.— On^Stcaia BoUer Explosiona. 

One very large Engraving, prioslS. Bd. 

flONET'S (J.) Interior View of the Cathedral 

Y Church of St. Paul. 

In 1(0. on card hoard. Is. 

^OWPER. C— 1 )ia[rram of the Expansion of Stenm- 

I'l "iif! n/l. "iHi m I'j.Iilini: l'lrili-1. m[r-i: £1 Is. 

pEOTON AQUEDUCT. — Deserintimi of the 
^ and engl 

uuiiL-.n;,- L-.ii]'iii^iLiTv liiiu's, null \-j.s i:i inn i.n^inh, Gennao. 



J^ENIHO]Sr.— A Rudimentary Treat!) 



JVBDJIUND BEtJKET DE: 



InTojai 4io. cioili boards, pricn £i lls.6d. 
iOWNES. CHABLES. Architect.— Great Exhi- 

biUen Buildtng. The Building erected !□ Hyde Park for 



the Gi — -, - 

Plans. Elevations, Sectlot 
and the Working and ilai 



DEAWING BOOK — OOUES ELEMEN- 
TATRES DB LATIS AFPLIQIlg X L'ARCniTECTURE; 
ftdio valame, wmtalDlDg 40 KlabOMteij ensreved Plates, In sbadon 
and tInlE, Tory finely eieeated, by the best tullits In FoMt. £S. 
Paris. 

John male, 69, nlgb Holbom, London, W>C. 
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fblla Tolnni^ canlklnlng SO elkboratel; sngmved Plaies, In Hudaw* 
tuid tintB, Tory tatif ezeoutad, bj the best arUeta Jn FruieSt 
£a-10i; P»Tl». • 

nBAWINO BOOK. — COUES ^iUlMEN- 

-1^ TAIHES DS LATIS AFFLIQpg A ORNBUBNTA- 

TION; felioTolnm^aonteliilngSO elabaiataiy eiiKC&ved flBtM.tn 
ihadnra sad tlntb flnelf ezeoated, by tho best uBita is 
FnaesL £1. Tai&.» 

"iitAWING EOOK.— £tudE3 PROGEES- 



In 12m<>, olofh baords, letlereil, phtK 

EOKSa:EIN, G.fT— A Practicil Treati 
ChtmneyB; iritb TemnlfcB Dn Staves, the coaaum[ 



I'li'jo';. iinpcrinl 8vo, prioBTi. 

ELLET, C'RAELJiiS, C. E., of the V. S-— Report 
nn thfl Iii>iir>iv('ii>e^iit iil Kanawha, and [nddenlill}' of lh« 

Oliin Uiger, by ineana of Arliflclal Lakpa. 

In 8vo, with Flatas, prlCB 12s. 

EXAMPLES, of Cheap Railway Making, 
Amarioan wd Belglim. 

In one vul. Uo, 4B PMm, with dlOMDSlaiu, extra cloth boards, 
piieeSta. 

EXAMPLES for BnildetB, Carpentera and. 
Jdnen; being TeU-aSketed Uliutntlans «f recent Hodeni 
Art and ConatrooHiHi. 

With £DBriividi;B >nd.Woodeut4 price Its. 
"ITEOME, Lieutenant-Colonel, RE. — Outline of 
tha Method of conductlag a Mgonoinatrieal SDnay, for the 
Fnmallon of To pograpl ileal Plans; and laitmcliims for filling In 
the Interior Datail, bolh by Hi^asnrement and Ske'ohlnE; Mlll'nry 
Reconnaissances, Levelling, &c., &o, togeiber with Colonial Sur- 



ILATKl) liUCKETS. 



T? A I EE A I EN, \V., C.E., F.U.S 

J- APPLICATION OF CAST AND WllOl 
BlIILDIMG PURPOSES 
In Imperial 8vo, with One Plali 



fjILL, J. — ES^T OBT THE THERMO DY- 

NAMIC.'i Ot- ELABTIO FLUIDS, by JOSEPH GILL, 
vllh DlagrniDB. 

Jolin Weale, KB, HIgb Hidbon, Lcndnn, W,0. 
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TUKE, UNGINEEUING, FINIv ARTS, &s. 

GWILT, JO>iEt*irrAVcliitoct.— TRi^ATISE ON 
_ _ TUW I .;11[.Um;iL'M l)t' AltlMlES. 

, JJAKEWELL^' s'.' j'— ElUlabethnu Areiii lecture ; 



HAMILTO 
Nova ScjI 



,TO>f, P. S., Dai-iistei--at-La\ 



In jmp,:Tliil Siro, Third Edition, ivitU adilitloiis, 11 PUtM, Slotb 

HAUT, J., On Oblique "Bi-idges. — A Practical 
T^^■ntL^io no tlia Consiracllonnr Ubllquo Archea. 

111 4IO. wltti WondcuiH. a^. (ki 

HEALD, GEOliGE, C.E.— Syaten 
Hull way Currpn. 



1, Pimes and Wooilenti, price 

PractiBal Tj 

a of Conl Mines, with Sug 



HEDLKY, JOHN". — PractiBal Treatise on the 
Woikini: and 



ra boards and lettered, p 



HOMER. ~ The Iliad and OdysBey, with the 
HvntDB of Hoinsr, Editioi> ™ilh Rn aoceairion vt EngllBh notes 
by llie liev. T. II. L. LHAllY. M.A. 



, ins. sa, 

JJOPKINSON, JOSEPH, C.E.— The Worki 



I, Dinfances, nnd 



RiiDKri'te ft'^m tba abave, vrlcu 3s. 

HUNTINGTON, J. B., C.E. — TH'E TABLES 
OF GRADIENTS. 



1- (Kimpuatlve Table ^ id tlut Snguih Meuare can h 
bnrM Into Irlab, and tici vtnd. 

In Ito, w<lh e Enftravbin, In a wrapper. Be. 
TEON. — ACCOUNT oF THE CONSTETTC- 
TION OP THE moS HOOF OF THE HBW HODSES 
OF PARLTAMEST.wlBiriabiiTaMBiigravtngaof jaMle. 

I«iiiip«ri»l4ta,*ll]il>0Eiig»TlDgi,uia3flDe'WMd«ata, bilfr 
bamid In nuwncct £1 tt. 
1 BO N. — DESIGNS OF OENAaiENTAL 
J- aATBS.LODOBS.rALISADnra.ANDIROI^TroBKOF 
THE ROYAL PARKS, vilb name other DaiiKne. 

Jotm WMle, ee, High Holboni, LmdOD, W.O. 



w 

m 410, with 10 FUlu. 13s. 
TEBB'S, ColoneL Modem Fi-isooa.— Their Cod- 

O gtmaUm ani TanUimon. 

to 8 •mla. 8»o, with IS alsbotate PbUn, olotb ba*rl^ £9 9i. 

JON^ Major-Gen. Sir John, Bart. — Journal 
of lbs aiegm curled on b]' the Anaj under tlia Dake of Vfti- 
Ungtonln Bpala, bat««oo the yun tStl and 181^ wltb &n Aoeaunt 
of th( LtnM or Toma Tediu. By Malor^n. 8ti JOUK T. 
JOHEB, But, K.aB. Third EaiUoD, enlarged *iid «ait«a by 

Ltent-Qraaral 8lr HARRY D. JOXEB^wt. 

lemo, cloth boir.ls, Si. 6d, 

KENNEDY AND HACKWOOD'S Tables for 
Selllns out Cuiroa. 
In 4lo, 37 Plates, ha1f^].<tli baards, 9m. 

KING, THOMAS.— The Upholsterer's Guide; 
K hIbk fnr Cn itln g and Formine Drapariea. Va ltncn!! .Ji <\ 

Iltnatrned bj Ihtko DcaaKhIa and EagrBvings. In 1 volume 4to, 
text, and slnrge alias r<jlia volume oi PI >(oa, half- bound, £6 69. 

F.K.S.— The Elements and 

rchiteoton: or, A TreatLu on Ship 
ctical,«i tbe beotpdiulplssntabli^ 



itb copious TiblM of DlmBiialni^ ScintlillKB, 
ard Edulou, wltb an AppmdiiiOontalnlnctltejprjnol- 
tbe Boykl ul UerewtUa Havlea, if " 



T OCOMOTITE ENGINEa — The Prindples 
■U tmd PtaeHea and EzaUottioa of th« Uubinerr of LwHnaollTe 



MAW. 



la bwrdB, iSa. 

I AND MACmNEET. — 
' PnsreBB or In Great Brtbdu, as ezlilblted dhlefflf In Cbnno- 
ul no3e«i at soma Latlan Fatent sraatad tat Invantfoni and 
' fiDm the earliest timrg to the rai^ ofQnaen Anne. 



METHVEN, CAPTAIN ROBERT.— THE LOG 

-lU. OF A UEBCHANT OFFICEK, Tianed wiih BebrmoB 
" "" ~" " Younc Officer'" iind tlio Youth of tho Mer- 

ROBERT METHVES, Oomnandef In tha 
Orienial Company'B ~ 



In roT*! 8vo, la. ed. 

EIHVEN, CAPTAIN EOBEET.— NAERA- 



TIVE3 WRITTEN BY SEA COMUAHDERS, ILLUS- 
TRATIVE OF THE LAW 01' STORMS. The " Bienhelm " 

Hnrrloineof 1851. tlih Dliii:ramB. 

Part 1, larpe 8v,i, Sa. F.irt 2, in ,iri'i>i.i-aiion, 

MURRAY, JOHN, C.E.— A Ti-,;atiae on the 
atabilH)' of KctaiuinB Walia, elucl[is,[i:d by EnBravings and 
Dlignuna. 

Jobn Weale, S9, lllgli Ilolbora, London, W.C. 
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lUEVILLE. JuTTX, ( 

-l-' UYDRAVLk: i.Mii.i:s 

inWBter Works, givin;; ilic Disi-uai Ku aim LUmonaionB oi Kiver 
Channels and Pips-s. 

In 8t<^ Seoond and much ImpToved EditEoii, vllh an Appuidl:^ 

cloih hoards, price l&f. 

NEVILLE, JOHN, C.E., M.R.LA.— HY- 
DRAULK TABLE8, COEFFICIENTS, AND FOEHOLiB^ 
tot FindlDBtha Dfsoliarsa of Water from OriHiaKNotebes, Weirs, 
Pipn, anOBlTarajTith £xten>iTeAddiHans,HattFonaol«,TaUeB, 
and Cwnentl Inlimiuiilon on Jtatn-Falt Oaubmmt-'Ba^B, DralnasB, 
Scweiagf, Water Snpplj for Towns and UlU Pover. 

On B3 folio fluea, lU. ^ 

OBKAMEKTS. — Omameats displayed on a 
full dEB for Wm!kb>B, proper fbr Bl! Camn, Foinlen, &o., 
contalnlDKa vatlet]' er accurate ezamples of foliage andMsEra. 

PI ales. Sti>. Sh.M. 

1 Essay on Canals 



In Svo. cloth, bonds, with Plates, a socond edilion, IS.n. 

A PRACTICAL TREATISE ON LOCOMO- 

TIVB ENGINES UPON KAILWAYS, — With practical 
Tableaaiidaa Appciulix, Bhoving tho expense of convaylnE Goods 
> -'T .1 Q usiirosdi. By COUNT F. M. G. 

«to, 72 flnely eiecaled Plates, iu cloth, £1 163. 
pABKEB, CHARLES, Architect, F.I.B.A. — 
The Rural and Tllla Arehtteelure of Italjr, poitra^inK the 
OBveril TPrp Interesting examples In that countty, vlth Estimates 
and Bpeoificatlona for Ihe application of the same deslgna In Eng. 
land ; a^lecred frcm bailditjgs and Bcenea In the vlcloitr of Rome 
and Florence, and BrnDged for Rural and Domestic Buildings gene- 
rally. „ 

PricE. Gomnlele. £3 3a. In ito. 

— COE- 

UINE; deslgnad and eonstrucled at 
Cornwall, under the saperlnCeodenee 
reeled and now on dat; at Ibe Coal 
lent ot the Loire Inreiieur, Nantes, 
torlcally and BciBntlBcally d< 



analytical""investigation op 

THE ACTION OF THE CORNISH PUMPING ENGINE. 
—This Third Part aold aeparaicly from above. 

S8g. bnund in 4raB[zo. 

POETFOLIO OF ENGINEEBING ENGRAT- 

-t ING9.- UflflTol to Slndanta as a Text Book, or a Drawing 
Book of Engineering and Mechanics ; being a eeriea of FlaetlBM 
Examples tn Civil; Hjrdranllc, and Meobanlcal EDgliwerllig. Fifty 
Engravings to a scale for drawing. 

John Wiate, 60, Hlgb Halbom, London, W.O. 
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[E. "VVEALE'S WOUKS ON AKCHIXEC- 
TUKE, ENGIN'EliRTNO, FINE ARTS. &c. 



60 Plates, ISi., boards. 

PORTFOLIO OF GREEK ARCHITECTUBE. 

-t — (Ir, Dllfiltanti Dn-iine Book; Architor.tiiriil GilgiavlasS, 
with ili^icr iitivH lixt. BiAng adupied as siudiua of tbe beac 
CLassic M.i.Lth in the Grecian styln of Architecture. 



pORTPOLIO 0r""dRAW1NG BOOK OF 

J- GUTUIC CHURCH AKCHTTEGTUKE.-Of the periods 
of ihe lilh, 15tli, and leth oentuPiea. Uaelul to ArchiteUtS, 
Builders, uul Slrident^. 



25 Pittlen. folio. 238. 

PORTFOLIO OF AECH^OLOGICAL COL- 
.LECTIONE.— Of cuilDua, Interesting, and omamsntsl Bub- 
jMts and pattsma for stained gliaa irlndoira, from York. 



18 Platen 10a. 8d. Small folio. 

PORTFOLIO OF AKCIENT CAPITAL 
I,ETTi£KS, MONOGRAMS, QUAINT DESIQXS, Ac — 
Beantimily Colonrod xnd OinamBiited. 



153 PiaTt^s, 1 1 111), bound in morocco, ver7 neat, £4 4a. 

PUBLIC WORKS OF GREAT BRITAIN.— 

Consialing of Kailwara, Ralls. CJiaira, Blocks, CultlnijB, 
EmbaukmeiilB, Tunnels. Oblique Arches, Visdnci.-, Biidg^B, Sta- 
tions, LoeomotiTB Engines, Sc. ; Caal-lron Brldgrts, Iron aiid Gu 

for Cnnul Tunnels ; Canal' Boats ; lli'e I.ondoS and Liverpool 
Docks, Flans and Dimenslooa. Dock galea. Walls, CJiuy?, nnd 
their Muoncy ; KoorinE- Chains ; Plan of Harbour and Port 
of London, aud other important EmgiDaariug Worka, irlth Desclip- 
Ham and Speolfleatlons. 



TntwoFaria. Imperial fclta. 

PUBLIC WOR^ OF THE UNITED STATES 
Ol' iMEBlCA, 
And tbe t«at ia an Qvo Yolame. price togetbn £1 6<l. 
"DEPCffiTS, SPECIFICATION^ AM) ESH- 

HATBfl OS PUni-lC WORKB OP THE' USITBD 
STATES OP AMERICA; eiplanatorr of the Atlaa Folio of 
Itotalled Engravlnga, fllndditlni; pnotleiUir thoEO Important En- 
gineering Worlt?!. The rUtea are Engraved in the best bItIb. 



Imperial Bro, fiO Engravings, £1 6a. 

PAPERS AND PRACTICAL ILLUSTRA- 
TIONS op PUBLIC WOltKS OF RECENT C0N8TBUC- 
TIOM— BOTH BRITISH AND AJIEMCAN. RupplMDenlary to 
WMteM FtfHIoatlgns, and contaiolTig all iho details of tli8 Si^aM 

fluapwMawiBTWge. 

Baltbomd la morocco, finelv coloured Plates, price £B 8b. 

■DAWUNSOK'S, BOBEBT, C.E.— DeaigM for 
Factor]', Fnmace, and other TbH CUmner BhaAs. Tall 
<UmnerB an namwarFfor purporat of Trade and Hanunwtnna. 
Tbey are leqnitBd for FaatCKftii, for Fmndriaa, Ibr Q» Woika, for 
Chemical Works, for BaHu and Waab-kaaaea, and for many other 
purpesefl. 



Tliird Edition, in royal Bvu, boards, »llb 13 Charts, &c., 123. 

EEID, Major-Geiierd Sir "W., F.E.S., &c.— AN 
ATTEMPT TO DEVELOP THE LAW OF STORMS 
by meaoa of lacts arranged aocordtng to ulaoe and time ; and henoa 
to point out a cause for Ihe Tarlubta Ttnda, with a Tieir to practical 
tug tn naiifatton. 

John Weale, G9, High Rotbom, London, VJC. 
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In rojal Svo, unUbrm irltb tba precedls^ Si^ wltb Chatis and 
WoodcnCB. T]ia«orkto^berlnSTOliL,£l Ik 

EEID, Major-aeneral Sir W., F.R.S., jScc. — 
TAG PROORESB OF TSB DEVM.OFUENT OP THE 
LAW OF 8TOBM3 AND OF THE VARIABLE WINDS, villi 
tbs pia«lleable applicatlDa of tha autjeot b> nailgaHon. 

lUuHtisW utth U Plates, Thiid Bdltion, 8vo, nlDtli.Ta. ed. 

piCHAKDSON, 0. J., ArcMteot. — A Popular 
J-v Treillaa on tha Warmlne and Ventllallon of Bnlldines: 



> Treillaa on tha Warming and '1 ^ , 

shoviiig tha adf anlago of ihe itapiwed syiitom ot Hsated Water 
ClFcalaiiou. And a ntetliod to effect tbe cumbination of luge aad 
■mall plpw ID tha aame npparatm. and vantlludiiit biiildliiKS. 
Bmiiid 111 3 Tnla., Tery neat, hal f-moro e™. ellt tops, price £18. 

ENBTIE'S, Sir JOHN, FJLS^ Work on 
tbe Tbaoiy, Formatiait, and CiuiBtnwtlaa of Britith Md 



E 



JjfeTY, J, L., CE. — Toe" PROQiiEssivE Screw 

12in", clolh boards, 3b. Sd. 

C I M M S, P. W. — Treatise on the principal 

Uatbematlcal and DravinB loatnuaaDla employad bj Ibe 
'"iBT, Arcblteot, aad Sutvajar; vlAadescriplbaof tbe Theo- 



EngiBai 

dollta, t 



in Field Worka. 



Itn, nltb fine Platf a, a Saw Edition, extended, aeweil, Sl 

SMITH, C. H., Sculptor.— Eeport and InTeatiga- 
tlon inio the Qiiiliticaiioot and Fltntna of Stune for Builiting 



CMITH'S, Colonel of the Madrfta Engineers,' 

iJ Obstrvatlnna ou rlia Dutiea.snU Kes tonal blliUBB InvolFad in 
tte Meimgoni-nt of Mines. 

SO p w I t"h°'''th''om''a 3," f"k!s. — the 
AWARD OF THE DEAN FOREST C0MHIB9I0NERS 
AS TO THE COAT. AMP IROW MINES. 

IB targe fnlto Pialea, £t 4a. Separataly, Sa. caeb. 

COPWITH, THOMAS, F.K.S.— SERIES 

O OP ENCKAVKD PLANS OF THE COAL AND IRON 
MINES. 

qtaircases.^h IVdeails^kalustra D 

O AND NEWELS OF THE ELIZABETHAN AGE, &o,- 
Can^UDg of— 1. Staircnae at AiHUer-end Old Hanor Heiiae, 
mtta; a. Chariton House, Kent; S. Great ElBnghan) Hall, Hor- 
foBc; 4, Dactiiid, Cbealdn; G. CbarterboiHs; 8. Oak Sbdnaaa at 
Oare Ball, Cambridga; T. Cnnniren Hall, Hteheala; & Dliia; 9. 
Catbeilne Hall, Cambi^dge; 10. Blalreaae by Inlgo Junes at a 
bouse In Chaiidoa Street; II. Ditto at EaslSntton; 19. Ditto, dnln. 
Dsafo! to those conslruclln;; edificea tn the early Enslish doinpstio 



QTAIKAETT, M., N.A.— 'Naval A'rchiteotnre ; 

^ or,TheRudiinenta and Rnlea of Ship BulldlnB: exemplified 
In a Series of Draughts and Plana. No text. 

Jtfhn Waale, SO, High Holkon, Lmdon, W.O. 
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With Ilhi-.[riitivo OiiRrnras. In 8vo, Ta, Bi. 

OTEYENSON'S, THOMAS, C.E^ of EdmbnrgV 

'J DescdptlDn of iliK l^tlTt^ront kiiiiU nf LIglithansa Appantas. 



TsKt ln«tO,*ndlirgefullo Alias of 75 PUtea, lulf-clolb lM>rcll, 

OTEAM NAVIGATION. — Vessels of Iron and 

O Woi>H ; llio Bteam Engine; nai on Screw Prnpulainn, By 
■WM,FAinBAtRN,F.R.S., of Moiiehnater; Mossra. FORRESTEX, 
M.I.C.E., of LIverpoDi; JOHN LAIKD, M.I.C.E, nf BirtenheBd; 
OLIVErt LANU, (1MB) of Wool«icli; McBHrs. SEAWARD, Lime- 
... „ .„...., "-^ertnlent9 on Iho 



^ TION OF. — Ths Original Splendid BngnTing by J. 
QWTN, J. WALE, decorated ■gneably to the ortglDal iDteiiUoii 
of Sir CfirlBtDpher Wren; a veiT fias lam print,ibmriDB dilllnctlr 
tli« coniuncUon or that mBgDlDcent edlDc*. 
" eiza of Plata attest Id bvlghl^ Ida. 

PAUL'S CATHEDRAL, LONDON, GEEAT 

FLAN J. WALE uid J. OWYITS QREAT FLAN, 

■eeanlslr maaanred from IliB Bnlldins, -wiOi all ~ 
figured uid la detail, descripllon of Compartmc 



With i-lMsB and DisBrims. New Edition. Tlie work lomplele 
Id E vols., bound in 1 vol., price, in sloth boaidR, 169. Tbe 
esoond portinn of the work, eontilnlDg Hr. Bodgklasoii'a £xp«£i~ 
mental Bewarahee, maybe had lepaiatsly, price 9e. 

STBBNGTH Of MATERIALa— HODGKIN- 
' BON, BATON, F.R.S., AND THOMAS TBGDOOLD, 
C.E. A PRACTICAL ESSAY ON TUB STRENGTH OF CAST 
IRON AMD OTHER METALS; intlndod for Ilia UBlstBTiee of 
eogineara, IronmaBter<, milU-riRhts, nrchilectfl, founders, amltlw 
»oa others enE«sed In ihp rnTninicilnn of mschlnen, bnSldiDCB, 4c' 
By EATON HOUGKISSON, K.li.B. 

To be niiWlBhp.l in lEGI, in crnw.i fluo, bouml fornae. 

CTRENGTH OF MATERIALS.— POLE, WIL- 

^ LIAJf, C.E„ F,l;,S,— Tnblfa aiiJ jiopular oiplanatlonB of 
tbe BcrenRlh of .Marcrialg, it Wroiieht nnd Cast Iron with other 
metals, for nlruciural purpoqra^ duvi'loplni; in n RyHlemalio tona, 
tbe atrenglhs, bearingn, HoiKhla, and fonna of Kjese matertals, who- 
Iher used as sirdora or arcliCH, for iba conatrucLlon of brtdges and 
Tliducta, public bulldinga, domestic mansions, private buHdlnga, 
Mlomns or plllara, bressiimmlers for varehousea, shops, working 
ud mannfncturin? factorioa, &c. «ic. &c. The whole tendered of 
eaaymference f"T aialiitec's, bnildani, civil and mechanical engl- 
neua, millwriglitB, iroiifoundiirs, Ac. &e. Stc, and forming Bwdj 
Reekoner or Caiciiiaiar. 

John WmIs, ea, High Holbam, London, W.C. 
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3U Terr emunrateiT Uiawii BncravingB, In lugs iUi, netUy bi 
uuiino mm imicniii, i-i i.i. A miv cornea so iMge luperiM ■] 

'JEMPLE CHUll 



.\ .Mi'iiiQir of tlie several 

mil ii[ tlioTlnmea TunncLfnun 
A[{U mtUMEL, FJt^., Civil 



' THOMAS (LYNALLl. F.aSX.— IMfled Ordnance. 

>- ■■ A I'KiniliMl TrrrnhH uii A[ii)lIcallon of Ilia Principt* 
cf ma uifiG to U\ws and Moitars of araiy calibre ; to nlilch Is 
ncWed « Now Theory o/ Iho iQiIial Action and Force of Fixed 
Gunpowiler pUt«4. 

In Ito, compleif, clotli, Vol. I., witli Engrarings, £1 lOs.; Vol. II., 
dillo, £1 81,; Vol. Ill,, ditto, £2 138. 6d, 

fTRANSACTIONa OF THE INSTITUTION" 

A OF CIVIL EKGINEEB3. 

8 Toli;., uumeroua Engmvlnga of SeDtiODS of Coal Uluts, Sec, lirge 
AldlM; Plaira, levenl of irblch ara caIoiirad,ln Urge Sro, tuUf- 
bonna In Half, price £1 la. per Toloma. 

TBAJiTSACTIONS OF THE NORTH OP 

-»- ENOLAND INSTITUTE OP MISINO EN01NBEB8.— 
Comnienclng In ISSS, and nontlniied (0 ISSO. 

A Nbw Edition ravifcdbrllio tmnElBtor.iindwlth ndaftionsl Plales, 
la domy 12mo, iTidIn proof Flutes and VignoItcB, half-boiina in 
mnrncro. cilt tops, prlco IZa. Only 26 printed on India pnpsT. 

VITEXJVIUS. — The Architecture of Marcua 

» Vuniviiis Vollio in 10 Hiiika. Translated from Iho Latin 1^ 
JOSEl'U UWILT, r.S.A,, F.U.A.S. 

Iri4ln,™itli rialea,T3.6d. 

ALKEE'S, TUOMAS, Architect. —Account 

of Iho Cliurch at Stoke Goldioa^ 

17EALE'S QUARTERLY PAPERS ON" EN- 

• tilNEaiilNG. — Vol. VI. (Parts 11 and IB campIeUnfr 

..jrkj Compiisiagr, "On tba Princlpltw of Water Power^'' 

Plates. Expsriments oa LooomoUva Enginsi. Coloond Plalsa. 
Oa Maral Arwnali, On the Hods of Fonalos FoundtitlDiis nodei 
wafer and on bad ground. FIbMs. On tbe JmproTamgnt of tha 
Kiver Uedmy and uf Ott FoTt and Anentl of Cbatbain. On tba 
Imprevenient of Partinutith Harbour. An Analyala of Ilia OornittL 
Pumping. Plat es. On Water Wbaell. PlatM. 

Text in arn. oloth boarda, and Plates in allai fbllo, In olotbilfla. 

WHITE'S, THOMAS, N.A., Theory and Prae- 
HcB of Ship BuUdlpy. 

In Sro. nith a largo SeeUsOal Plata, lt.6d. 

WH I C H C 0 II D, JOHN, Architect — 
i)ItSi:UVAT10NS ON KENTiaH BAQ BXOKE AB A 
BUILDINCl MATERIAL. 

jahn W«a1e, BO, Higb Bolbom, London, WX!. 



PUtcs.ln hnlf-morocco, 7e. BS. 

HICHCOED, JOHN, Architect.— HIS- 
TORY AHD AMTIQDITiES OP THE COLLEOIATG 



w 



CSDBOH OF ALL SAINTS. UAIDBTONB. 



S — AN EXPE- 

TI\T i-(HVI,l; 111', ; 111 iiri.rT I'JtODUCBD 

B MPINQ 



W— THE 
KE.AHOJlA'i'LLY KNIJ It A V [ l.l.DSi'llA TI( i.SM Ol' 
THE COKNiaH AND BOUI.TON A WA l'T KM; IX E3 frnclea 
at th* East London Waler ^'orlis. Ulil Ford. Eluhi lorea stlBS 
(uuo Tsry fine line ongrannm av l;jjAIHY1.\. irom eiaborato 
drairiDea made expTGMT or nr. W1UKSTL|-,i) : loJin. losolhcr 
witn ■ 1ED eiuinontiim or t\w vmrn. riuiiiiimiic mi Bimrm iiiB, by 
liO >t R I , or UuTO)' ana n eat a pateot pump-raive, iriia sped- 



Imperial 8vo, with a FoTtmlt. &i. 

WILLIAMS, C. WYE, Esq, M. Inst. C. E. — 
PRIZE ESSAY ON THE PREVENTIO^I OF TIIE 



WILLIS, EEV'. PKOFESSOli, M.A.— A 
Byetem of Aii].iirnf(is fur tho uae of Leclurem and Eiperi- 
raentcru in Mechanicsl Philoso}ihy. 

In 410, bound, with 23 1 urge plolm nnd 17 wfindcnN. 12). 

■^ILME'S MANUALS. ■ 



Mao* anil Plans, in <to, plstp^ anlnuiod, half-boMnd mnrocpo, £2. 

WILME'S MANUALS. — A HANDBOOK 
FOR MAPPINO, ENGINEEKING, AND AKflllTEC- 
TDRAL miAWINti. 



TICS. This 01 . 
fiir the Boyal Military Aeadanir a* 



68 Vols., larjTB 8to,£3. 

- COUESE OF MATHEMA.- 



81 



Jj-OEEIGN WORKS, KEPT IN STOCK AS 



L&rge folio, 32 ylalas, some ODlourad, and 13 woodents, £0 frsnM. 
£S]0«. 

AECHITECTUitE STJISSE.— On Chrai de Mm- 
Bons Hoailmies desAlpes du Canton d* Soma, ])txGSAB- 
FlmtlED «t STORtER. AtobltBotBg. BBrne,18M. 



BoibU folio, BS molt IntsreBltng and axplanator; plataa of Pnblle 
WarkB, Bcldgw, Iron Waiki, &o, Ao^ Ac, tetf ataOj half- 
bound In arnnKM, £1 tIXt, 

"DAUERNFEIKD, CARL MAX.— TORtBGffi- 

BLAETTER ZUlt BRUCKEKBAU KUNDE. Mlloetien. 

f,Kii;o f..lln, as pljUin i>r U>-Z[ir,llni> cniiitntF;, IBn, 

JgYZANTlNISCilii CAHTAEf.ER.— Miinchen. 



Soooucl cdilioa, 1^6 platea, Ijirgu Iolii\ hau I'.iria edition, 100 f,, 
pdnlcii on lino |.«ver, linT-rloih l™nl-. £4 4s. 

flALLIAT, VICTOR, A RCT.— Pai-all^le dea Mai- 

^ aona Jb P.Ha, c.m.;lriiiten [UtiiiIh 1S3^J jHB^n i 'ii nfiaj aura .—1887. 
Largft fallo, 60 Imaan, 30 platea, nnd several vlgasttei, £2 8s. 

flASETO, r.— Saintfr-Marifi d'Auch. Atlaa Mono- 
" giapUqae de Cette Catlifdnle. The Flatos ronolrt ptincdpallr 
rfmmiae drnwloBa of ths Painted CHui Wlndon tn iU» Gatbe- 



130 Tilsteg, elegant in hslf-mameco extra, InterlskTed. £5 16a. ed. 
pASTEEMAN, A.— PAHAIJJLLB des MAI- 
^ SONS de BRUXELLES et dea PRIHCIPALB9 VILIiEB da 
bt- BELOIQDE, conBtraltoB depula 1S30 Jaiiiin'& nM jonre, reprt- 
Benies en plans, iSljvattona, coopes et dClaila tnCMeure et exierleiuv. 
— Paris. 



SBUdlfidlOiteplateaof edifi'i'n £1 Is. 

DEGElf, 1. — LESCONSTEUCTIONS EN 
BR1QUE8, Goinpor««s et pnbUfe.''. 6 livmi^nns.— IS&a. 



Small fblio. 4B pintps of 1l"!1sc=, paHs of Ivmses, Ji'tnlla of all kinds 
of Bingiilarly lioauii'iil imod-iOTk, coloured plaIGS in iniiuOoBOf 
Uie nl>j.?f t-i f!ivtn.,Cl Is, 

DEGEN, J..— LES CONSTiiUGTIONS ORKA- 
MliNTALES EN Hyl^, 8 livraisoiiH. 
InSTnriarse fotio parts, 36 fine plalea. £1 lla.Od. 

/TAEKTNER, F. V.— The apletidid works of M. 

V7 9AEETNER of Municb, draivii (o a very large hLcs, con- 
Silting of ttie Ubrnij lii plans, elevations, Inieriucs, delalla, and 
sections, and eolanrBd omameiita. The ciiurch, nitli details, oma- 
nent^ eat. — UUoclien. 



Bmlllblla,8BSna plates of tbe Ai-t^liltectnre, aminient, and detail 
or tlia boagea and churchea of Germai^y diiring the middle *», 
TBiy neallj half-bonnd in morooco, £1 12m. 6(f. 

tr ALLENBACH, C. C— Clironologie derDentsch- 

MitlelBHerlLchaii BaukiinHl,— M [iniiliflii. Fine Work. 

The worlia of tlie greac maater KLEXZIE of MmhIcIi, In 5 pnrta 
veir large folio, aO plates of eluvatioos, pUnq, eectlons, detnlla 
andonuments of bis public and private buildings eucuted in 
Hunleli and St. Patenbuv, £S Sa. 

"ITLENZB, LEO TON. — Sammlnng Arthitec- 

■■3k. tonbhar EntwUrfs, tia die AoalabiuDK bestlmmt Oder trift- 

Uch anigelflhrt. Publlabed In Huoich. 

John Weale, S8, Higb Holbom, London, "WJl. 



tPOEEiGN ^^'OI^KR kkpt in stock as 

j- rol.LCH'. ^ 

upwards of lUU |.lnu«.l*rK8JH. U m.ed. 

PETIT, VICTOE.— CHATEAUX DE rHANCE. 
AicbilMture ntloreiqus, oa HonDmenls das qDlBzIime et 

Balalima altolBB. Parla. 

IiiTnlaoDi 1 1 13, veiy finely executed plates, large Imperial Ibllo, 

pHATEAUX DE LA VALLfiE DE LA 
I^IBE DE3 XV, XVI, ET COMMENCEMENT DIT SVW 

8IECLE— PaH». iBflT— 6 0. 

4to, ~BS platen, 73r.;£210l. 

RECUEIL DE SC&LPTUIffiS GOTHIQXTE.- 
DeadnMB at gitmta & roan forte d'apria lea plua lieaai man 



t parts are pnUIsbed, pHee lit. 
pAMfiF..— HISTOIRE GfiN^EALE DE L'AB- 

CHITECTURE. L'nUroIn E«n«n>le da rArebltecInra, par 
DANIEL KAMEB, bmeS vol. BrM>to in Svo, public en 8 Aii- 



B vaU., l*r>e Svo, nonlgraDS Sna voadmls, half moroeoo. 
"niOLET-I^-rfcC — DICTIOMJAIEE BAI- 
■ SONNE, de I'Archlteotan FraneiliBda oniDEliiiie u MlEltane 

altele. Parii.iaH-8, 

S vols., extra imperial (bllo, pries £S ISa. 6d. 
Tl ADIA D'ALTACOMBA.— Storia e Desorizione 
J-* della Antfca Sopolehra del Reall dl Savola, fbaUla da Amedlo 

III. rinnOTBta d» Carlo Follee a Maria Chrietlna. 

79 livrais-ns in lurcn Ho, 200 engmTingB, £8 18s. Bd. 

TIELLE ARTI.— 11 P.ilazzo Ducale di Venezia, 

J- * lUratrn trxli rimicgscn ZanoTlo. Vfii nal.i, 18 1 6—1859. 
2 rols. larKfi 410, 82 very nenlly onm-avnl oullino I'lates, £1 6a. 

CANOYA, — Le Tombe ed i Monumeati Uluatri 
d'Halia. M llano. 

CAVALIERI *'§AN-BERTOJ.b*^ (NICOLA).— 
ISTITUZrONI DI AltCIIITETTCUA STATICA E IDRAli- 



nlcOGWARA (COUNT 

^ menti Cospicui di Veneila, ilUiatrati da L. Cirognara, da A. 
Dledo, 0 da G. A. Sclva, edlzlona cou coploBe note od ngKianla dl 
Franccaco Zanotto, arrlcchiln di nuovo tavalo a dolTa Vanlone 
Prancese. Venezin nrllo stub. naz. di G. Antnnelll a spese degll 
edit. G. AntnnoMi c I.iicl'-no ItitSHdumin. Is'iS. The El.tbi>riilely de- 
BCriptivo leit lii h\ Vif.nch md Imlian, bcjiulifiilb- prinlvd. 



nriin'rapnta. liiih some oxemifoii'irorks at Vpiiiea, ic. £1 4s. 

J ABBRICHE.— CIVILI ECCLESIASTIOHE. 

- E MHJTAItl DI MICHELR SAM MICUELE diteKHto 
1 jTiciM dl KONZANI FKANCESCO » L. 

John Weftl^GCI, High Holboln, Loadon, W.C. 



tttlj. EleBnmlr liRlf-boiind in red morocco, eitra gilt sndlalei- 
Iwved, £li iia. 

rABEBICHE.~E DISEGNI D'ANTONIO 
DIEDO, KOHir.E_VE^Ni;TO. Veiieila. 

PALLERIA ^D?'''TOHrNO^'\LA EEALE).— 

*J ntDBlrata da B. D'AZEGLIO, Memb. deU' Accad., &c. 4c. 

Copies, ludlao proofj, £18 IBs. 
•,• Bound cnples In eli'jja ii t liair-moroeeobindlng.InilUpmof.fgaga. 
i^lsTfoliiircotnpleiH, 117 flalea of oulllue elaratioDa, plsna, In 
terioni, ckintU, .^c. first impreaslon, IN) trsnce, balf-botiaiL £e 6a. 

pAUTHIEB, M.P,, Architecte. — Lea PLUS 

U BF.AUX £dIFICE3 de la TILLB de aENE3 at del KS 



nUAND _ 

— ARCHITECTDRE T03CANE, i 

autrea i diflteg, de In Tosiiane. Parla. 1816. 

rs of palaces 
ed in tinted 
eacli. ElegBUL In 

^lEE^a— VENEZJA^M^^ PIT- 



Lirga Italic^ 61 llrralaona oi 
T ETAEOUILLY, p"— idiBcea do Eome Mo- 

J-i demfi. Psrlfl, 1825-5S, 



Fine eiates of the Hew Palace of Justice, SenHla lloune, ice., plana, 

MrCHELA, IGNAZIO.— DESCEIZIONE e 
DISEGNI del FALAZZO del MA013TRATI StTFBEUI 

dl TORINO. Torino. 

Large folio, 

pEYNATJD, L.— TratTato'd'i' ArcMtettupfl, con- 
teosnte nozoinl generall aul Prindpli d«Ua GoiulniEloiia e 

BulU atoTli. dell' ArU, eon amnot, par oars dl Lomuo Dtbuil. 

Yeoetlt, law. 

TImperial bnlky Sto TOlunien, printed and pnbli'hsd iinilBr autho- 
rity, and treatn of the enrly Ibundntton of Tenlca and eatab- 
lialiment ai a kinRdom, it« weiltb nnfl comnjerflp, and ila once 
groat pnllHcal poEtlttm, with Plates, £3 8^. 

yENEZIA.— E le sue Laguue. Venezia, 1847. 

VENEZIA. — Copies elegantly bouitd and silt, 
£i Ue. ed. Teneida. ISiT. ' 

PUtaa, 

eiefantir hair-Lioand fa moroco^ extra gUt' and l^lerleaira?' 
£12 lis. 

A CCADEMIA DI BELLI ABTL — Opere dei 

anndiConcnral Preinlatedairi.B.Aemdenlaaelle Belle; Arti. 
in MiUno, e publlcnte, per cuts dell' AnhitetK 0- AHII8ETTI- 
per la Claasi <li Ornnno— per le Oluai & Awhlteltun, Bgnra ed 
Omato. Mliano, IB26-29. 

Jobn WeilB, SB, Higb Holboni, Iiondon, W.C. 



■POREIGW WORKa KEPT IN STOCK AS 

J- FOLIiOWS J— 



ILBEETOIJJ, G.— Alcunc Do^o 



Tb be liad u'pnmtelf , £1 Bi. 

ALBEETOLLI, G.— Part III., veiy frequently 

reiiHtred to niska up naia. 
2 vols., folio, SO Pltirps of tlin psqiiisits kind in eolot,™, far 

|J0FFMa'n7 ET ''KL^LERIIOVEk" ~ E^cueil 

peuplee ol wii phl^ MWa iipDriLii s dc leur civil 
peintres but vtm, tt desainittiura de fabrlqiie: 
. prioa £1 IB. 

Tf OPE, ALEXAJTDEE J. BEEESFOBD, i&q.— 
Abblldungen ilir GlRBEamiElde in in Bilvator-Klniha an 
Kilndava In der G»ff>icluiri Kent. Cupien of piJutlngs on glus In 
Chriit Charcli, Kiliidonn, in ttio cisxmy a( Kent, executed In the 
RoTHl EstHblisliuieiit Inr Faintliie "a Glass, Muuidi, by order of 
ALEXiNDEK J. iniJU^SFOKU HOPlv, Esq., publlsted by P. 
Eggerl, Palntar oa Gluaa, Mllnclien. The work conlnlna one Bheet 
vith the dedlcntlcn la A. J. B. UOFE, Esq., and fourteen irindowB] 
in the whole fifteen, buautlfOIlr engiared tnd uraAillf colonnd. 

In large fnlla, 80 FlafM, wntainlne a piofaBlon of ddh Italian and 
other ornamen II. Ulasut tn bAf-moroiseo, gOti and IntailuTed, 

JULiENNK liidiiatria Artisdca o fiwwalto 
dl GonvoriBleni e Deoonslont Omamonteli, «ame snppBllBt- 
■"■ ' ~'' «TDiainm,crIalani,BolBttl,aainlcl,UmpuU,Ma>ti> 



FHx eof.. In mo, £8. 

LE PA.UTBE.— GollactioD dee jAm belles Com- 
pojdUani, graT^B par TIE OIiOUX, AmiM. L'Onvraev oim- 
tlent cent plancBel. Pad*.' 

This unlqae colleetion la InSTOb. 4to,l»dit8 commansenient in 
181'2, HTid cnntainenpnardSofGOOilah DealgiU. FdBe£S 6l, 

METIYI£K, MONS^ ArfMteote^O^ie origiiiaL 
SketelicB, Drswlngi, and Tradngi, In peai^ and pen and 
Ink, of siecuted Work! and PmpoBals, displaj'lng' the geniua of 
Hons. MeUvlBr,aa an anMlect o! blgh attain ments, wlioeo recent 
death vasinncli Tegcelied In Bavaria. Hu was a native of Fr.mce, 
and Ml IndandtaBettlB^Knnicitiby the Ute Diikc of Lsucliten- 
btrg, under whoBO pstronagg he waa mnch emplojed in (ha cou- 
nmoOon of ptirate edifices for the BiTurlan nobiiliy and gentry ; 
and for deeorallon and fllUngs of tbem ; his Inleriora are BtlU much 
in admiration. He bntlt s manston for Piimg Oharlea, in a most 
Rb^de and Blegant atfle (tn Brienner SttMt), wldcli & atUl notr 
codildertd one of tha pnieat bolldlngs of Unnloh, Tba aboro 
SlcBtolieti ar« Ua prahaaional lib and prasUo*, 



Twelve Sttta, In small OUone <to, 60 wlanred Flaiea of 90 aUw- 

rately eolonraj and ollt ornaments. £1 Is. 
AILNAMENTESBnCRr-FitTlnge Yememngeii 
tfti Fabrikantm, Elmmnmaler nnd andera Baoaemrkev 
MUncben. 

John "Waale, SB, Blgta Hotbnn, London, W-O. 
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410 Plitas, In two thick lRr5e4to. Vols., deiigneil anil enitrnTBabv 
HK.Iteiater Argal, d'Hsulal, da Walllf, WagnBr, J., Feuch£ra 
et Baenler, Ac. £6 Ha. 

QENEMENTS.— Tirfe ou imitSs dea Quatre 

Six Puts, large blio. Plates beantlfultf coloured, io fao-slmlUa 
of the Inlerion, Oraamenti, CompaTtmeatBt Cefllpn, &e. 
£31Si.ed. Almtalegana^halF-binuidlii inorooGogtIt, £141, 

'pOTTMA17ir, L.~OmiHnenfe ane den TOnE%- 

-l*' licbsten Bsuirertao JIUiitlieiia. _SIHnchcn. 

-VetJ ClPciiil, in lialf rtli niomcr/i. !;ilt, .ind iiit^ilpjived. £7 17s. fid, 

^ANETTI, (;.— STUI'II A lU H rTKlTONICO 



A Catalogue, of 40 pages, to be lu>d 
gratis ; printed in demy 8vo. 



Export Orders executed either for Prin- 
cipals abroad, or Merchants at home. 



In, A tlat of Plake unil Ttxl, nmo, priet 25b. togellief, 

IRON SHIP BUILDING. 



PRACTICAT. ILLUSTRATIONS. 
JOHN GEANTHAM, N,A. 



DESCRIPTION 

\. Hollow and Bsc Keels, Sum nua 

2. Sida FramfiB, FlQorinBS, and Bilge 

3. Floorings coiUiniiei — Keelsons, 

Deck Besms, Cuhb-iIcs, "il 
Btringors. 

4. Qnamles continued — Lower 

Deoki, «na Orlop BtsmB. 
6. AnglB-Itm, T Iron, Z Iron, Bulb 
tan, w K>ned for leon Ship- 
Bunding. 

6. MvetB, alw*ii lo seoUOD, nfttnral 

rizo, Fltuh ud Ltpped Jolola, 
■with Bln([l8 mnd Donblo El- 

7. FlBtlDS. tli^a plana, BnlltlieEdii, 

and modes of soentins Ihem, 

8. Iron MsBUi,wltli Longitudinal and 

TmnsTBrse Sections. 

9. Sliding Keei, Water Ballast, 

Moulding the FrameB in Iron 

Bhlp-balldlng, LevelUng PUtas. 
M. LOSgUntoil SeeUmi, and Half. 
• iRsadlli Decic Plans of large 

TmboIb, on ■ reduced lole. 
n. MldehlpBeotlonaotTlireeVcssds \ 

of dlffarenlslies, | 
12. Large Fusel, ehowlng delnilB.— , 

J/tre End in Section, nnd End 

VlBT.flthStem Post.CrQtcliafl, 

Deck Beima, Ac. 



OF PLATES. 

13. Za} 



nog detatlfl.— 
AJitr End in Btciior, wllli End 
View, SLera Frame for Soteir, 
and Rudder. 

till, sho-wlng detalU.— 
p Siclion, Hairbreadth. 
IB. JTac*;™ for PancWngaoa ShWlt^ 
ing Plates and AnglO-Irau, ind 
for Bending Plates ; Mwt 
Hearth. 

16. J/ocSi"".- Garforfli'fl Elretlng 

Machine, Drilling and Conntet 
Sinking Machine. 

17. ^iryurnoMforlleatlngPlBlEsand 

Anglo-lroQ i various Tools used 

In HiTeUng and Plating. 
19. ClHTimri*, Ke«l, and Flooring; 

plan for Bhaathlng Iron fihlpa 

Tlth Copper. 
IB. Ulaatratlou of tlw UagoetlB Con- 

ditioQ of rariona Iron Shlpa. 
SO. Oraj*a FloaUi^ Cranpaii and BIv- 

nade, wllh Adjiiatlng MagueH. 

21. Corroded Iron Bolt in Frama of 

Wooden Ship; Caulking Joints 
of Plates. 

22. Great ilrsfc-n— Lnngltiidiin! Bec- 

Oonaand Half-breafltL Plans. 

23. <Jrea( i'flKera— Mldehip Soclion, 

Bith det^ls. ^ 
2i. Ofial £'os/fm— Section in Engine 
Koom, and Paddle Cjiea. 



This Work may be lad of Messrs. Lockwwd & Co., Ko. 7, Staljonetrf 
Han Coarti and «1bo of Mr. Wealb ; either the Atlas separately 
forlJ. 2*, ed., or togethw with the Test price as ahore stated. 

BndJmrr and Brans, Fcintera, 'Whitetilara, 
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